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ERRATA 


On page 25, Equation 3-A-10 should read as follows: 
8 = 0.0328096[978.01855 — 0.00282471L + 0002029977 
— ©,000015085L7 — 0.000094] G-A-18) 


08 35 
+ foo2t0 + o.o0d0{ 19-0008)” | gf 1.000.000 000)" (3.5.9) 
Rep Rey 
On page 56, the second equation under 3—C.3.1.7 should read as follows: 


Q,(14.73)(0.570) | 
(0.0000069)(8.07085)(519.67)(0.999590) } 


Re, coourasany 
= 3324460, 


On page 57, Equation 3-6b should read as follows: 
iP 
THS.61C, ETE, Yd? if 
Q,. = ETE, i G2y 7 
= 7709.61(0.60)(1.03160)(0.998383)(3.99989)" 
(370.0)(0.997971)(50.0) 
0. aie 95 1308)}(524.67) 


On page 57, the second equation in 3-6b should read as follows: 
Re, = 3.324460, 


= 3.32446(614,033} 


= 2,041,328 (initial estimate of Reynolds number) 
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On page 37, Equation 3-20 should read as follows: 


_ [19,000¢0.498597)]"* (3-20) 
~[L 2,041,328 | 
= 0.0135262 


On page 57, Equation 3-21 should read as follaws: 


to 
os 
Re, 


Vp / 


w Ys (3-21) 
~ (2,041,328 ) 


= 0.778988 


On page 58, Equation 3-15 should read as follows: 
Upsirm = [0.0433 + 0.07122 °° — 0.1145e °°" JUL — 0.23A4)B 


= (0.0433 + 0.071224 _ 0.114 5e “Moms 
x [I — 0.23(0.0135262)1(0.0642005) 


(3-15) 


Dnstrm = —0.0116[M, — 0.524°)B''d - 0.144) 
= —0.0116[0.491284 — 0.52(0.491284)' *](0.495597)' | 


x [Lh — 0.14(0.01 35262)] 
—0.00152379 


(3-16) 


On page 58, Equation 3-14 should read as follows: 

Tap Term = Upsrrm + Dnstrm 
0.000876388 + (-0,00152379) (3-14) 
= ~0.000647402 


f] 


On page 58, Equation 3-12 should read as follows: 

C(FT) = CCT) + ip erm 
0.602414 — 0.000647402 (3-12) 
0.601767 


On page 58, Equation 3-11 should read as follows: 
ve 7 
CFT) + onnst 


psa 


et ) + (0.0210 + 0.0049A)B4C 


CFT) 


77 


‘ ai 
0.601767 + o.00ns1s|20:0.495597 (9485597) (F-4n) 
| 2,041,328 


+ [0.0210 + 0.0049(0.0135262)](0.495597)* (0.778988) 
0.602947 (second estimate of the coefficient of discharge) 


il} 
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On page J8, the third ta the lasi equation should read as follows: 
Q, = 617,048 cubic feet per hour at standard conditions 
[based on C,(FT) = 0.602947] 


On page 58, the second to the last equation should read as follows: 
Re, = 3.324460, = 3.32446(617,048) 
= 2,051,351 (second estimate of Reynolds number) 
On page 59, ihe second equation should read as follows: 
Re, = 3.324469, = 3.32446(617,046) 
= 2,051,345 (third estimate of Reynolds number) 


On page 59, Equation 3-7 should read as follows: 


a (F188) 
14, B \ 509.67 y 0.997839 (3-7) 


14.65 A.519.67 0.997971 » 
608,396 cubic feet per hour at base conditions 


617, oa 422 


On page 60, Equation 3-B-9 should read as follows: 


yor 


B= oooosi | ea B00. 8008 ] 


19,000 1,000,000" 7? 
cep + a ey pfs — ) 
L \ Re, 7 Ref 
On page 62, the first equation yhould read as follows: 
E = 0.5961 + 0.02918? — 0.22908* 
8] oy 
+ (0.0433 + 0.07126" — OF tase) 1 - 0 24{ 13.0008 ] ] B =y 
: st (Rey J {L-B 
Be tN alee al, fag onan ee 


00114 -05 fe = ‘ah = ou4l” eae 


= 0.5961 + 0.0291(0.495597)' ~ 0.2290(0.495597)" 
+ (0.0433 + 0.07122" — 0.1145e""= fi — 0.23(0.0137493)1(0.0642005) 


— 0.01 16[0.491284 — 0.52(0.491284'*)\(0.495597) "LI — 6.14(0.0137493}] 
= 0.601767 
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Un page 02, Equation 3-8-9 should read as Jollows: 


ceaco08 |" 


Er 


R= o.o00st{ 


(19,0008) “Vat 1,000, 1,000,000)” 
Re ) | Rey} 


fy wT oF 


o.oos1 4 2% 80006.4955973 
: (= 000 60 2,000. 000 | 


+ {0.0210 + 0.0049(0.0137493)1(0.495597)*(0.784584) 
6.001 18960 


+ Peer + 6.0049) 


(3-B-9) 


if 


= 3.324460 


= 3.324460, 


= 3.32446(617,057) 
= 2,051,400 (second iteration) 


ad as fo 


the equation and the second line of the equation should be deleted): 


Re, = 220,8584F,,/ph, x (Kpipe) (3-D-9) 


On page 80, the nomenclature should read as follows (that is, Kpipe, should be inserted 
in the list}: 


Where: 


G = specific gravity. 
Kpine = values from Table 3-D-4, 
Re, = onfice bore Reynolds number. 
7; = absolute flowing temperature, in degrees Rankine. 


Pp = specific weight of a gas at 14.7 pounds force per square inch absolute and 32°F 


On page 97, Equations 3-F-4 and 3-F-5 should read as foliows: 


HS = OCH), + 00H, + + OCD, (3-F-4) 
oo aut wg tei 
= 24 (cH! (3-F-5) 
On page 102, the second line of Equation 3-4a should read as follows: 
7 PG (28.9625) 44h, ZR, 
= 399.072C(FT)E,¥d? | 
2 AEDES ‘ ZRF BG (28.9625)(144) 
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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. APLIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND RQUIP 
THEIR. EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEAITH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 


UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT Coy- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN. 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT, 


5, GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
‘TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY APi, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005. 
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FOREWORD 


This foreword is for information and is not part of this standard, 

Chapter 14, Section 3, Part 3, of the Manual af Petroleum Measurement Standards pro- 
vides an application guide along with practical guidelines for applying Chapter 14, Section 
3, Parts 1 and 2, to the measurement of natural gas. Mass flow rate and base (or standard) 
volumetric flow rate methods are presented in conformance with North American industry 
practices. 

This standard has been developed through the cooperative cfforts of many individuals 
from industry under the sponsorship of the American Petroleum Institute, the American Gas 
Association, and the Gas Processors Association, with coutibutious frou die Chemical 
Manufacturers Association, the Canadian Gas Assuciation, the European Community, Nor- 
way, Japan, and others. 


API publications may be used by anyone a 


@ ta do sa. een ma 


ng to do so. Every y effort has beea madc 


gu 
lication and hereby expressly disclaims any liability or responsibility for loss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to the director of the Measure- 
ment Coordination Department, American Petroleum Institute, 1220 L Street, N.W., Wash- 
ington, D.C. 20005. 


connection with this pub- 
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@ Chapter 14—-Natural Gas Fluids Measurement 


SECTION 3— CONCENTRIC, SQUARE-EDGED ORIFICE METERS 
PART 3—NATURAL GAS APPLICATION 


3.1 Introduction 
3.1.4 APPLICATION 
3.1.1.1 General 


This part of Chapter 14, Section 3, has been developed as an application guide for the 
calculation of natural gas flow through a flange-tapped, concentric orifice meter, using the 
inch-pound system of units. For applications involving SI units, a conversion factor may be 
applied to the results (Q,,, Q,, or Q,) determined from the equations in 3.3. Intermediate 
conversion of units will not necessarily produce consistent results, As an alternative, the 
more universal approach specified in Chapter 14, Section 3, Part 1, should be used. The me- 
ter must be constructed and installed in accordance with Chapter 14, Section 3, Part 2. 


3.1.1.2 Definition of Natural Gas 


| As used in this part, the term natural gas applies to fluids that for all practical purposes 
| are considered to include both pipeline- and production-quality gas with single-phase flow 
and mole percentage ranges of components as given in American Gas Association (A.G.A.} 

| Transmission Measurement Committee Report No, 8, “Compressibility and Supercom- 
+ pressibility for Natural Gas and Other Hydrocarbon Gases.” For other hydrocerbon mix- 

| & tutes, the more universal approach specified i in Part 1 may be more applicable, Diluents or 


mixtures other thaii those stipulated in A.C.A. Transmission Measurement Committee Re- 


port No.8 may increase the flow measurement uncertainty, 


3.1.2 BASIS FOR EQUATIONS 


The computation methods used in this part are consistent with those devcloped in Part 1 
and include the Reader-Harris/Gallagher equation for flange-tapped orifice meter discharge 
coefficient. The equation has 


sen modified to reflect the more common units of the inch- 
pound system. Since the new coefficient of discharge equation does not address pipe tap 
meters, the pipe tap methodology of the 1985 edition of ANSI/API 2530 has been retained 


for reference in Appendix 3-D. 


3.1.3 ORGANIZATION OF PART 3 


Chapter 14, Section 3, Part 3, is organized as follows: Symbols and units are defined in 
3.2, the basic flow cquation is presented in 3.3, the key equation components are defined in 
3.4, and the gas properties applicable to orifice metering of natural gas are developed in 3.5. 
All values are assumed to be absolute. Factors to compensate for meter calibration and lo- 
eation are included in Appendix 3-A. The factor approach to orifice measurement is in- 
cluded in Appendix 3-B. Appendix 3-C covers examples to assist the user in interpreting 
this part. Appendix 3-D covers pipe tap meters. Appendix 3-E covers SE conversions, Ap- 
pendix 3-F covers heating value calculation, and Appendix 3-G covers derivation of can- 
stants. The user is cautioned that the symbols as defined in 3.2 may be different from those 
used in previous orifice metering standards. 

3.2 Symbols, Units, and Terminoloay 


Ms; 1010 


@ 3.2.1 GENERAL 


The symbols and units used are specific to Chapter 14, Section 3, Part 3, and were devel- 
oped based on the customary inch-pound system of units. Regular conversion factors can 


1 
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be used where applicable; however, if SI units are used, the more generic equations in Part 
i should bc uscd for consistent results. 


3.2.2 SYMBOLS AND UNITS 


Symbol 


Deser 


Orifice plate coefficient of discharge 

Coefficient of discharge at a specified pipe 

Reynolds number for flangc-tapped orifice 

meter 

Coefficient of discharge at infinite pipe 

Reynolds number for corner-tapped orifice 

meter 

Coefficient of discharge at infinite pipe 

Reynolds number for flange-tapped orifice 

meter 

Specific heat at constant pressure 

Specific heat at constant volume 

Orifice plate bore diameter calculated at 

flowing temperature, 7 

Meter tube internai diameter caiculated at 

flowing temperature. 
Lire 

reference temperature, 7, 

Meter tube internal dias 

reference temperature, 7, 

Napierian constant 

Velocity of approach factor 

Temperature, in degrees Fahrenheit 

Temperature, in degrees Rankine 

Supercompressibility factor 

Gas relative density (specific gravity) 

Tdeal gas relative density (specific gravity) 

Real gas relative density (specific gravity) 

Orifice differential pressure 

Isentropic exponent (see 3.4.5) 

Ideal gas isentropic exponent 

Perfect gas isentropic exponent 

Real gas isentropic exponent 

Mass 

Molar mass (molecular weight of air 

Molar mass (moles 

Molar mass (molecular weight) of component 

Number of moles 

Unit conversion factor (discharge coefficient) 

Pressure 

Base pressure 

Base pressure of air 

Base pressure of gas 

Static pressure of fluid at the pressure tap 

Absolute static pressure at the orifice 

upstream differential pressure tap 

Absolute static pressure at the orifice 

downstream differential pressure tap 


\ of pas 
lar weight) of gas 
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Units/Value 


Btu/ (lbm-°F) 
Biu/(Ibm-°F) 


inches of water column at 60°F 


ibm 
28.9625 Ibm/lb-mol 
Tom/fb-mol 


Ibm/lb-mol. 


loffin? (abs) 
Ibffin? (abs) 
Ibffin? (abs) 
Toffin? (abs) 
Toffir? (abs) 


Ibffin? (abs) 


Ibffin? (abs) 


API NPMS&14.3.3 92 MM 0732290 0503854 763 Wm 


SECTION 3—ConcENTRIC, SQUARE-EDGED ORIFICE METERS, Pant 3—Natural GAs APPLICATIONS 


@ 


Oo 


a, 


ww 


0 


@ 


Copyright por American Petroleum Institute 
Sat Nov 03 21:51:29 2001 


Standard pressure 

Volume flow rate at base conditi 
Mass flow rate per second 

Mass flow rate per hour 
Volume flow rate per hour at standard 
conditions 

Universal gas constant 

Pipe Reynolds number 

Temperature 

Base temperature 

Base temperature of air 

Base temperature of pas 

Temperature of fluid at flowing conditions 
Reference temperature of the orifice plate 
bore diameter and/or meter tube inside 
diameter 

Standard temperature 

Flowing velocity at upstream tap 

Volume 

Volume at base conditions 


at upstream tap 
upstream tap 


Ratio of differential pressure to absolute 
static pr 
Ratio of differential pressure to absolute 
Static pressure at the upstream pressure tap 
Ratio of differential pressure to absolute 
static pressure at the downstream pressure tap 
Acoustic ratio 

Expansion factor 

Expansion factor based on upstream absolute 
static pressure 

Expansion factor based on downstream 
absolule slalic pressure 

Compressibility 

Compressibility at base conditions 

Compr of aix at 14.73 psia and 60°C 


Compressibility of the gas al base conditions 


ure 


(P. By 
Mbp fo 


Compressibility at flowing conditions (, 7;) 


conditions 


Compressibility at downstream flowing 
conditions 

Compressibility at standard conditions 

(fT) 

Linear coefficient of thermal expansion 
Linear coefficient of thermal expansion of the 
orifice plate material 

Linear coetficient of thermal expansion of the 
meter tube material 

Ratio of orifice piate bore diameier to meter 
tube internal diameter (d/D) calculated at 
flowing temperature, 7 

Absolute viscosity of flowing fluid 


14.73 Lbifin’ (abs) 


£afby 
fe fia 


Ibm/sec 
bm fhr 


domi 


fevhr 
1545.35 (lbf-f0/(ib-mol-"R) 


68°F 
3i9.67°R 
ft/sec 


infin-°F 
infin-°F 
infin-°F 


lom/fi-sec 
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# Universal constant 3.14159 @ 


Pp, Density of a fiuid at base conditions (4, 7) lbm/ft? 
Phan Density of air at base conditions Por Tq) lbm/f? 


Wa fee? 
8 (Fy Th) fomyit 


Po... Density of a gas at base conditi 
p, Density of a fluid at standard conditions 
(5B) toinfft 
P,, Density of a fluid at flowing conditions 
eH) Ibavit 
Pip, Density of a fluid ot flowing conditions at 
upstream tap position (P,, 7) lbm/fe 
Pip, Density of a fluid at flowing conditions at 
downstream tap position (F,, 7;) Ibm/ft} 
%; Mole fraction of component %AOD 


Nate. Factors, ratios and coefficients are dimensionless. 


3.2.3.1 Pressure 


One pound force (Ibf) per square inch pressure is defined as the force a 1-pound mass 
(Ibm) exerts when evenly distributed on an area of 1 square and when acted on by the 
standard acceleration of free fall, 32.1740 feet per second per second. 


3.2.3.2 Subscripts 


‘The subscript 1 on the expansion factor (Y,), the Howing density (,,,), the fluid flowing 
static pressure (f,), and the fluid flowing compressibility (Z,) indicates that these variables @ 
are to be measured, caiculated, or otherwise determined reiative to the fiuid fiowing at the 
conditions of the ‘upsiteam differential lap. Variables related to the downstream differential 


pressure tap are identified by the subscript 2, including ¥, 0,,,, , aud Z,, and can be used | 


in the equations with equal precision of the calculated flow rates (except for ¥,, which has 
a separate equation). 

The subscript 1 is arbitrarily used in the equations in this part to emphasize the necessity 
of maintaining the relation hy 3! > 


tap. 


3.2.3.3 Temperature 


The temperature of the flowing fluid (;) does not have a numerical subscript, This tem- 
perature is usually measured downstream of the orifice plate for minimum flow disturbance 
but may be measured upstream within the iocations prescribed in Part 2. It is assumed that 
ee a no bicittcrence between fluid temperatures at the two differential pressure tap loca- 


3.2.3.4 Siai 

Standard conditions are defined as a designated set of base conditions. In this part, stan- 
dard conditions are defined as the absolute static pressure, P, of 14.73 pounds farce per 
inch absolute; the absolute temperature, ¥,, of 519.67°R (60°F); and the fluid com- 
ity, Z,, for a stated relative density (specific gravity), G. 


3.2.3.5 Definitions 
General definitions are covered in Parts | and 2. Definitions specific to Part 3 are incor- @ 
porated in the text. 
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3.3 Flow Measurement Equations 
3.3.1. GENERAL 


The following equations capress flow in tems of mass and volume per unit time and pro- 


duce equivalent results. Since this section deals exclusively with the inch-pound system of 


units, the numeric constants defined in Part | have been converted to reflect these units. 


The numeric constants for the basic flow equations, unit conversion values, density of 
water, and density of air are given in 3.5 and Appendix 3-G, The tables in this part that list 
solutions to these equations incorporate these constants and values. Other physical proper 
ties are given in 3.5. Key equation components ure developed in 3.4. 


3.3.2. EQUATIONS FOR MASS FLOW OF NATURAL GAS 


The equations for the mass flow of natural gas, in pounds mass per hour, can be devel- 
oped from the density of the flowing fluid (see Appendix 3-G), the ideal gas rclative donsity 
(specific gravity), or the real gas relative density (specific gravity), using the following 
equations. 

‘The mass flow developed from the density of the flowing fluid (p,,,) is expressed as fol- 
lows: 


Q, = 359,072C,(FT)E,¥d? fp, ,h, (3-1) 


Mass flow developed from the ideal gas relative density (specific gravity), G,, is ex- 
pressed as follows: 


Ay 

‘The mass flow equation developed from the real gas relative density (specific gravity), 
G,, assumes a pressure of 14.73 pounds force per square inch absolute and a temperature 
of 519.67°R (60°F) as the reference base conditions for the determination of rcal gas rela- 
live densily (specific gravity), This assumption allows the base compressibility of air at 
14,73 pounds force per square inch absolute and 519.67°R (60°F) to be incorporated into 
the numeric constant of the flaw rate equation. If the assumption about the base reference 
conditions is not valid, the results obtained from this flow rate equation will have an added. 
increment of uncertainity. The iiass flow equation developed from real gas relative density 
(specific gravity), G,, is expressed as follows: 


GPh, 
QO, = 589.885C,(FTIE, ne errno (3-2) 


ZGBh, 
Q, = ss0.006c,cr1) 4 at | BOM (3-3) 


= coefficient of discharge for flange-tapped orifice meter. 

= orifice plate bore diameter, in inches, calculated at flowing temperature (]). 

velocity of approach factor. 

ideal gas relative density (specific gravity). 

reai gas relative density (specific gravity), 

orifice differential pressure, in inches of water at 60°F, 

pressure ai upsifeam iap, in pounds force per square inch absoiute. 

= mass flow rate, in pounds mass per hour. 

flowing temperature, in degrocs Rankine. 

expansion factor (upstream tap). 
moressibility at standard co: 


®t) 
ss ED) 

compressibility al upstream flowing conditions (P,, J;). 

density of the fluid at upstream flowing conditions (F,, 7;, and Z,), in pounds 
mass per cubic foot. 


F 
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3.3.5 EQUALIONS FOHK VOLUME FLOW Ur NAIURAL GAS eS 
The volume flow rate of natural gas, in cubic feet per hour at base conditions, can be de- 
veloped from the densities of the fluid at flowing and hase conditions and the ideal gas rel- 
ative density (specific gravity) or real gas relative density (specific gravity) using the 
following equations. 
The voiume fiow rate at base conditions, G,, developed from the density of tite fiuid at 
flowing conditions (/,,,) and base conditions (p,) is expressed as follows: 
359.072C,FT)E Yd? Paglia 
2, = ome (3-4a) 
D, 
a, 
The volune flow rate at base conditivns, developed Irom ideal gas relative deusily (specific 
gravity), G,, is expressed as follows: 


G-5a) 


‘To correctly apply the real gas relative density (specific gravity) io the fiow caicuiation, the 
reference base conditions for the determination of real gas relative density (specific gravity) 
adsthe Haxetcs for the flaw caledlation must tears UT havatriee whe vol 


and the base conditions for the flow calculation must be the same. Therefore, the volume 
flow rate at base conditions, developed from real gas relative density (specific gravity), G,, 


ig expressed as follows: 
dzexnrossed ge follows: 


Tf standard con: 


6a, then @ | 
pe 
Rah 
= 14.73 pounds force per square inch absolute | 


= 519,67°R (60°F) 
Loin = Lair 
= 0.999590 

The volume flow rate at standard conditions, Q,, can then be determined using the follow- 

ing equations. 

The voiume fiow rate at standatd conditions, developed from the density of the finid at 
flowing conditions (p,,,) and standard conditions (,), is expressed as follows: 

359.0720, (FT)E, ¥,d? h, 
= ‘d vt af Prob y 6-4b) 
The volume flow rate at standard conditions, developed from ideal gas relative density 
(specific graviiy), G,, is expressed as follows: 


Q, = THLISGAFTIE,Y,d°Z,, {;— G-5b) 


The voiume fiow rate equation ai standard conditions, G,, developed from the real gas rel- 
ative density (specific gravity), requires standard conditions as the reference base conditions 
for G, and incorporates Z,,,, at 14.73 pounds force per square inch absolute and 519.67°R 
(60°F) in its numeric constant, Therefore, the volume flow rate at standard conditions, de- 


veloped from real gas relative density (specific gravity), G., is expressed as follows: 
yeiopea irom reai gas ruafive censity (specie gravity}, G,, 18 SXpressed as LOMOWS: 


GZ,5 


(PZh, @ 
Q, = TWICE, neg (3-6b) 
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Where: 


CFT) = coefficient of discharge for flange-tapped orifice meter. 
d = orifice plate bore diameter calculated at flowing temperature (7;), in inches. 
#, = velocity of approach factor. 
G, = ideal gas relative density (specific gravity). 
G, = reai gas reiative density (specific gravity). 
A, = orifice differential pressure, in inches of water at 60°F, 
P, = base pressure, in pounds force per square inch absolute. 
F, = flowing pressure (upstream tap), in pounds force per square inch absolute. 
2 = standard pressure 
= 14.73 ponnds force per square inch absolute. 
= volume flow rate per hour at base conditions, in cubic feet per hour, 
Q, = volume flow rate per hour at standard conditions, in cubic feet per hour. 
T, = base temperature, in degrees Rankine. 
J; = flowing temperature, in degrees Rankine. 
T, = standard temperature 
= 5319.67°R (60F), 
Y, = expansion factor (upstream tap). 
= compressibility at base conditions (P,, 7). 
2p, = compressibility of air at base conditions (7,, 7). 
Z,, = compressibility at upstream flowing conditions (F,, 7;). 
Z, = compressibility at standard conditions (2, T,). 
Zoo = compressibility of air at standard conditions (F, 7). 
= density of the flowing fluid at base conditions (F,, 7,), in pounds mass per cu- 
bic fool. 
P. = density of the flowing fluid at standard conditions (P, 7,), in pounds mass per 
cubic fast, 


Pip, = density of the fluid at upstream flowing conditions (P,, 7;), in pounds mass per 


2 
q 


3.3.4 VOLUME CONVERSION FROM STANDARD TO BASE CONDITIONS 


For the purposes of Part 3, standard and base conditions are assumed to be the same. 
However, if base condiliuus are different from si ard COM the volume flow rare 


calculated at standard conditions can be converted to the volume flow rate at base condi- 
tions through the following relationship: 


a, - of £/% (4) 3-7) 


LAKE KE) 


Where: 
FP, = base pressure, in pounds force per square inch absolute. 


P, = standard pressure, in pounds force per square inch absolute. 
Q, = base volume flow rate, in cubic feet per hour 

Q, = standard volume flow sate, in cubic feet per hour. 

%, = base temperature, in degrees Rankine. 

T, = standard temperature, in degrees Rankine. 

Z, = compressibility at base conditions (F,, T,). 

4, = compressibility at standard conditions (P, T,) 


3.4 Flow Equation Components Requiring Additional Computation 
3.4.1 GENERAL 


Some of the terms in Equations 3-1 through 3-6 require additional computation and are 
developed in this section. 
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3.4.2 DIAMETER RATIO (f) & 


The diameter ratio (8), which is used in determining (u) the orifice plate coefficient of dis- 
charge (C,), (b) the velocity of approach factor (£,), and (c) the expansion factor (Y), is the 
ratio of the orifice bore diameter (@) to the internal diameter of the meter tube (PD). For the 
most precise results, the actual dimensions should be used, as determined in Parts 1 and 2. 

B= d/D (3-8) 


Where 


is 
I 


afl+ a — 7) G-9) 


And 


is) 
0 


DU + a(% - TI G-10) 


orifice plate bore diameter calculated at flowing temperature, 7). 
reference orifice plate bore diameter caloulated at reference temperature, 
meter tube internal diameter calculated at flowing temperature, J. 


redSrenee mibter tube internal dismoicrceulutcdtat reference tem 


= temperature of the fluid at flowing conditions. 

T, = veference temperature for the orifice plate bore dismeter and/or the meter tuhe in- 
ternal diameter. 

linear coefficient of thermal expansion of the orifice plate material (see Table 3-1). 
= linear coefficient of thermal expansion of the meter tube material (see Table 3-1). 
B = diameter ratio. 


The orifice plate bor 


T, are the diameters determined in accordance with Part 2. 


meter, d., and the meter tube internal di 


ORIFICE METER, C,(FT) 


The coefficient of discharge for a flange-tapped orifice meter (C,) has been determined 
from test data. Ithas heen corrclated as a function of diameter ratio (8), tube diameter, and 
pipe Reynolds number. In this part, the equation for the flange-tapped orifice meter 
coefficient of discharge developed in Part 1 has been adapted to the inch-pound systern of 
units, 

The equation for the concentric, square-edged flange-tapped orifice meter coefficient of 
discharge, C,(T'T), developed by Reader-Harris and Gallagher, is structured into distinct 


Table 3-1— Linear Coefficient of Thermal Expansion 


Linear Coefficient of 
‘Thermal Expansion (a, 


Maicrial 


‘Type 304 and 316 stainless stecl’ 0,00000925 
Mone? §.00000795 


Carbon steel” 000000620 


Note: For flowing temperature conditions other than those stated in Fooi- 
notes a and b aud for other materials, refer to the American Society for Met- 
als Metals Handbook (Desk Edition, 1985). 

“Tor flowing conditions between —L0U°K and +300°F, refor to the American 
Society af Mechanica] Engineers data in PTC 19.5, Application, Part Hf of 
Fluid Meters: Supplement en Instruments and Apparaius. 

Ror owing conditions between —7OF and +154°R, refer to Chapter 12, Sec- 
tion 2. 


3.4.3 COEFFICIENT OF DISCHARGE FOR FLANGE-TAPPED | 
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linkage terms aid is considered to best represent the current regression data base. || he equa- 


ian is anniicakble to naminal nine sizes of DQinches and larcer diameter ratios (23 of 
tion is applicable to nominal pipe sizes of 2 inches and larger; diametcr ratios (8) of 


0,1—-0,75, provided the orifice plate bore diameter, d,, is greater than 0.45 inches; and pipe 
Reynolds numbers (Re,) greater than or equal to 4000, For orifice di: 
tios, and pipe Reynolds numbers outside the stated limits, the uncertainty statement in- 
creases, For guidance, refer to Part 1, 1.12.4.1. 

The Readcr-Hartis/Gallagher cquation is defined as follows: 


neters, diameter ra- 


6 07 
C, (FT) = C,CFT) + 0.00051 (<2) + (0.0210 + O.00494)8'C GH) 
ep 
CET) = €,(CT) + Tap Term @-12) 
C(CT) = 0.5961 + 0.02918” — 0.22909" + 0,003 - f)M, G-13) 
Tap Term = Upstrm + Dasirm (G-14) 
Upsirm = [0.0433 + 0.0712e° — 0.1145¢°"]0 — 0,23A)B G-15) 
Dnsirm = —0.0116[M, — 0.52M}° 18" - 0.144) G-16) 
Aiso, 
Bt 
Bas Fr G-i7) 
- D N 
M, = many 2.8 eet 0.0] (3-18) 
N, 
2L. 
M, = 2 4 
ae G19) 
on 
19, 000, 
A= ( 19,0008 ) (3-20) 
Rey} 
10° AGS 
Cc =|— 3-21 
(= j Gel) 
Where: 
CAFT) = nt of discharge at a specified pine Reynolds number for a fange- 
tapped orifice meter. 
CCT) = coefficient of discharge at an infinite pipe Reynolds number for a corner- 
tapped orifice meter. 
CAFT) = coefficient of discharge at an infinite pipe Reynolds number for a flange~ 
tapped orifice meter. 
d = orifice plate bore diameter calculated at 7;, in inches. 
D = meter tube internal diameter calculated at J;, in inches. 
e = Napierian constant 
= 2.71828, 
heal, 


= dimensionless correction for tap location 
= N,/D for flange taps. 
Nz = 1.0 when D is in inches. 


Rey = pipe Reynolds number. 
f = diamoctor ratio 
= d{D. 


Note; The equation for the coefficient of discharge for a flange-tapped orifice meter, C,(FC), is ditterent from those 
included in prior editions of this standard. 


| 
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3.4.4 VELOCITY OF APPROACH FACTOR (&,) 


‘The velocity of approach factor (£,) is a mathematical expression that relates the velocity 
of the Howing fluid in the orifice meter approach section (upstream meter tube) to the fluid 
velocity in the orifice plate bare. 

The velocity of approach factor, E,, is calculated as follows: 


L 


3-22) 


£, = velocity of approach factor. 
B = diameter ratio 
= d/D. 


3.4.5 REYNOLDS NUMBER (Re,) 


The pipe Reynolds number (Rep) is used as a correlation parameter to represent the 
change in the orifice plate coefficient of discharge with reference to the meter tube diameter, 
the fiuid fiow raie, ihe fiuid densiiy, and the fiuid viscosity. The use of the pipe Reynolds 
number is an additional change from prior editions of this standard. The Reynolds number 
is a dimensionless ralio when cuusisicui units are used aud is expressed as follows: 


a UP Pim 
in oo 


of in inches. 
The fluid velocity can be obtained in terms of the volumetric flow rate at base conditions 
from the following relationship: 
_@.p, | (4y(144)] 
d%p,,, | 3600 


i] 


0.0509296 Ps (3-25) 
DBe 
Substituting Equation 3-25 into Equation 3-23 results in the following relationship: 


Ree (some QP. PPan 
. 12 LD) Dp, 


(0.00424413)1 2.0.) (3-26) 
LHD) 


The Reynolds number for natural gas can be approximated by substituting the following 
relationship for p, (see 3.5.5.3 for equation development) into Equation 3-26; 


2.69881P |. Za, 
= OBB g Ste 2 
P, TZ ie (3-27) 
\ 
Re, = nonsse( 20. (3-28) 
D1, Bi J 


@ 


I 
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By using an average value of U.JUUUU6Y pounds mass per foot-second for jz and substituting 


the ctandard con of 519.67°R. 14.72 sounds force ner od 0.999500 for 
the standard conditions of 519.67°R, 14.73 pounds foice per square inch, and 0.999590 for 


T;, B, and Z,,,,, Equation 3-28 reduces to the following: 


Re, = 7.072325 (3-29) 


D = meter tube internal diameter calculated at the flowing temperature (7;), in inches. 
G, = real gas relative density (specific gravity). 

B, = base pressure. 

Qs — volume flow rats at basc conditions, in cubic fect pet hour, 

dm = mass flow cate, in pounds mass per second. 

Q. = volume flow rate at standard conditions, in cubic feet per hour. 


Ra. = nine Reynolds number, 
Rép = pipe Reynolds number. 


‘t, = base temperature, in degrees Rankine. 


= compressibility of air at 14.73 pounds force per square inch absolute and 60°F. 
= compressibility of the gas at base conditions (F,, T,). 

# = absolute (dynamic) viscosity, in pounds mass per foot-second. 

w= 314159, 

Pp, = density of the flowing fluid at base conditions (P,, T,), in pounds mass per cubic 

foot, 

Pip, = density of the fluid at upstream flowing conditions (F,, 7;), in pounds mass per 
cubic foot, 


If the fluid being metered has a viscosity, temperature, or real gas relative density 
(specific gravity) quite different from those shown above, the assumptions are not applic- 
able. For variations in viscosity from 0.0000059 to 0.0000079 pounds mass per foot-sec- 
ond, variations in temperature from 30°F to 90°F, or variations in real gas relative density 
(specific gravity) from 0.55 to 0.75, the variation should not be significant in terms of its ef- 
fect on the orifice plate coefficient of discharge at higher Reynolds numbers, 

When the flow vate is not known, the Reynolds number can be developed through itera- 
tion, assuming an initial value of 0.60 for the coefficient of discharge tor a flange-tapped 
orifice meter, C,(FT), and using the volume computed to estimate the Reynolds number, 


3.4.6 EXPANSION FACTOR (Y) 


S46.1 Gi 


When a gas flows through an orifice, the change in fluid velocity and static pressure is ac- 
companied by a change in the density, and a factor must he applied to the coefficient to ad- 
just for this change. The factor is known as the expansion factor (Y) and can be calculated. 
from the following equations taken from the report to the A.G.A. Committee by the Na- 
tional Bureau of Standards dated May 26, 1934, and. prepared by Howard 5. Bean. The ex- 
pausiun facior (7) is a function of diameter ratio (8), the ratio of differential pressure to 
Static pressure at the designated tap, and the isentropic exponent (x). 


al compressible ff eerie 


al compressible fluid isentrap 


i af a the 


C exponent, X,, is a function of the fuid aid the pres- 
sure and temperature. For an ideal gas, the isentropic exponent, k,, is equal to the ratio of 
the specific heats (c,/e,) of the gas at constant pressure (c,) and constant volume (¢,) and is 
independent of pressure. A perfect gas is an ideal gas that has constant specific heats. The 
perfect gas isentropic exponent, k,, is equal to &; evaluated at hase conditi 

It has | been found that for many applications, the value of , is nearly identical to the 
value of £;, which is nearly identical to 4,. From a practical standpoint, the flow equation is 
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not particularly sensitive to smail variations in the isentropic exponent. ‘herefore, the per- 


on. Accented nr: 
on. Accepted practice for 


fect eas isentropic exnonent, £.. is often used in the flow equ 
fect gas isentropic exponent, k,, is often used in the flow equ 


natural gas applications is to use &, = & = 1.3. This greatly simplifies the calculations and 
¢ din the tabl ion For the 
expansion factor. 
The application of the expansion factor is valid as long as the following dimensionless 
criterion for pressure ratio is followed: 


3, This approach was adopted by Buckingham in his correl 


ted by 


< — le < 0.20 (3-30) 
27,707 B 
Or 
os< cio (3-31) 
B 


re across the ori 


2 plate. im inch: 
the ord + 


7¢ plafe, im inch 


flowing pressure, in pounds force per square inch absolute, 
= absolute static pressure at the upstream pressure tap, 
inch absolute. 
, = absolute static pressure at the downstream pressure tay, in pounds force per square 
inch absolute, 


The exnansion factor equation for flange taps may be used for a range of diameter ratios 
The exnai equation for flange nge of diamster ratios 


from 0.10 to 0.75, For diameter ratios (8) outside the stated limits, increased uncertainty 
will occur. 


3.4.6.2 Expansion Factor Referenced to Upstream Pressure 


If the absolute static pressure is taken at the upstream differential pressure tap, the value 
of the expansion factor, Y,, can be calculated using the following equation: 


¥=1- 41+ 0.356( 21) (3-32) 
When the upstream static pressure is measured, 
B- P 
y= Ae _. (3-33) 
Pr; 27,7078 


When the downstream static pressure is measured, 


(3-34) 


cntropic caponcrit (sco 3.4.6.1). 
P, = absolute static pressure at the upstream tap, in pounds force per square inch ab- 


B= absolute static pressure at the downstream tap, in pounds force per square inch ab- 
solute. 

xX, = ratio of differential pressure to absolute static pressure at the upstream tap. 

¥, = expansion factor based on the absolute static pressure measured at the upstream. 
tap. * 

B = diameter ratio (d/D). 


The quantity x,/é is known as the acoustic ratio. 
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3.4.6.3 Expansion Factor Referenced to Downstream Pressure 


If the absolute static pressure is taken at the downstream differential tap, the value of the 
expansion factor, ¥,, can be calculated using the following equation: 


BZ 
aan ee (3-35) 
\ EZ 
And 
(3-36) 
Or 
Y,= 3-37) 
And 
(3-38) 
Where: 
A, = differential pressure, in inches of water at 60°F. 


& = isentropic exponent (see 3.4.5.1}. 

F;, = absolute static pressure at the upstream tap, in pounds force per square inch ab- 
solute. 

F,, = absolute static pressure at the downstream tap, in pounds force per square inch ab- 
solute, 

x, = ratio of differential pressure to absolute static pressure at the upstream tap. 

X, = ratio of differential pressure to absolute static pressure at the downstream tap. 

¥, = expansion factor based on the absolute static pressure measured at the upstream tap. 

Y, = expansion factor based on the absolute static pressure measured at the downstream. 

tap. 


Z,, = compressibility at upstream flowing conditions (F,, 7). 
Zp, = compressibility at downstream flowing conditions (H,, £)). 
B = diameter ratio (d/D). 


Noiei & equais the ruiiv of the differential pressure to the static pressure at the downstream tap &). 


3.5.1 GENERAL 


The measurement of gaseous flow rate in volume units under other than standard or base 
conditions requires conversion for pressure, temperature, and the deviation of the measured 
volume from the ideal gas laws (compressibility). Energy measurement also requires adjust- 
ment for heat content. The standard conditions used in Part 3 are a base pressure of 14.73 
pounds force per square inch absolute and a base temperature of 519.67°R (60°T), 

As a mixiure of compounds, natural gas complicates the calculation of some of these 
coiiversion faciors, The faciors that cannot be determined by simpie caicuiations can be de- 
rived from gas composition and/or other measurements. Certain factors can be measured in 
the field, using instruments calibrated against standard gas samples. Either approach will 
produce equivalent results when rigorous methods are applied. 


3.5.2 PHYSICAL PROPERTIES 


Table 3-F-1 in Appendix 3-F lisis physical properties taken from GPA 2145-91, The data 
for ideal density and ideal heating value per cubic foot from GPA 2145-91 have, where nec- 


| 
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essary, been corrected in Table 3-F-1 wor the ie biise: ressute of 14.73 pounds torce per square 
Inch absolute through the following x 


Tle WR Avalne = emer 
Tablé 3-P-lvalie = {3-39} 

Tobie 3 fanvidee the beet clined 

Table 3-F-1 provides the best curren data are 


subject to modification yearly as additional research is ae Future revisions to 
GPA 2145 may include updated values. The values from the mast recent edition of GPA 
2145 should be used, and the values for density and British thermal units per cubic foot 
should be corrected through the use of Equation 3-39. 

In addition, GPA Publication 2172 and Publication 181 are incorporated in this standard 
as the method of calculating heating values of natural gas mixtures from compositional 
analysis. An abbreviated form of that methodology is included in Appendix 3-F as a refer- 
ence. 

In this edition, the compressibility of air at standard conditions (Z,,,) has been updated 
to the value of 0.999590, 


» 
re) 


COMPRESSIBILITY 
3.5.3.1 Ideal and Real Gas 


The terms ideal gas and real gas are used to define calculation or interpretation methods. 
An ideal gas is one that conforms to the thermodynamic Laws of Boyle and Charles (ideal 
gas Jaws), such that the following is true: 


144PV = »RT (3-40) 


Tf Subscript 1 represents a gas volume measured at one set of temperature—pressure con- 
ditions and Subscript 2 represents the same volume measured at a second set of tempera- 
ture—pressure conditions, then 

By _ BY 


(3-41) 


Toe 


All gases deviate from the ideal gas laws to some extent. This deviation'is known as 
ibiliee ond is densted hy the symbol Z. Addit: 


compressibility and is denoted by the syrabol Z. Additiona ty 
and the method for determining the value of Z for natural gas are developed in detail in 
eport Na, 8, The method used in hat re- 


ussion of compress! 
uSeON Gt commrons! 


port i is s included as a patt of this standard. 
The application of Z changes the ideal relationship in Equation 3-40 to the following real 
relationship: 
144PV = AZRT (3-42) 
As modified by Z, Equation 3-41 allows the volume at the upstream flowing conditions to 
be converted to the volume at base conditions by use of the following equation: 
pP\lZMr 


AIEEE) eS 


Where: 


# = number of pound-mole 

P = absolute static pressure of a gas, in pounds force per square inch absolute. 

P, = absolute static pressure of a gas at base conditions. in pounds force per square inch 
absolute. 


’ }@ 
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F,, = absolute static pressure of a gas at the upstream tap, in pounds force per square 
inch absolute. 

R = universal gas constant 

1343.35 (ibf-ft/tibmoi-*R). 

absolute temperature of a gas, in degrecs Rankine, 


= absolute temperature of a ga: 


T 

t, conditions, in degrees Rankine. 
T; = absolute temperature of a flowing gas, in degrees Rankine, 

V = volume of a gas, in cubic feet. 

¥, = volume of a gas at base conditions (P,, Z,), in cubic feet, 

¥, 

Zz 


4, = volume of a gas at flowing conditions (P,, 7), in ex 


= compressibility of a gas at iP and 7. 
2, = compressibility of a gas at base conditions (F,, 7,). 
Z;, = compressibility of a gas at flowing conditions (P,, 7). 


3.5.3.2 Compressibility at Base Conditions 


The value of Z at base conditions (Z,) is roquired and is calculated from the 


in A.G.A, Transmission Measurement Committee Report No. 8. 


3.5.3.3 Supercompressibility 


in orifice measurement, Z, and Z,, appear as a ratio to the 0.5 power. ‘Lhis relationship is 
termed the supercompressihitity factor and may be calculated from the following equation: 


FL = (G-44) 
Or 
4 
l= ps @G-45) 
FY 
Where. 
#, = supercompressibility factor. 


Z%, = compressibility of the gas at base conditions (P,, 7;). 
Z, = compressibility of the gas at flowing conditions (P,, 7). 
3.5.4 RELATIVE DENSITY (SPECIFIC GRAVITY) 


3.5.4.1 General 


Relative density (specific gravity), G, is a component in several of the flow equations. 


The islative density (specific glavity)} is defined as a dimensianiess number that expresses: 
the ratio of the density of the flowing fiuid to the density of areference gas at the same ref- 


erence conditions of tem 


. The gas industry has historically referred io 


the relative density (specific gravity) as either ideal or real and has designated the reference 


ir and the standard reference con 


ions as a pressure of 14,72 pounds force por 


square inch absolute and a temperature of 519.67°R (60°F), The value for relative density 
(specific gravity) may be determined hy measurement or by c 
position. 


wn the gas come- 


ic casicuny 


3.5.4.2 Ideal Gas Relative Density (Specific Gravity) 


The idea! eas rela oi : 
The ideal gas relative density (specific gravity), Gi, is defined as the ratio of the 


i den- 
sity of the gas to the ideal density of dry air at the same reference conditions of pressure and 
temperature. Since the ideal densities are defined at the same reference conditions of pres- 
sure and femperature, the ratio reduces to a ratio of molar masses (molecular weights). 


y 
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Therefore, the ideal gas relative density (specific gravity) is set forth in the following equa- 
tion: 


= o aie (3-46) 
os "28.9625 
Where 
G, = ideal gas relative density (specific gravity). 
Mr, = molar mass (molecular weight) of air 
= 28.9625 pounds mass per pound-mole. 
Mr. = molar mass (molecular weight) of a flowing gas, in pounds mass per pound- 


mole. 


3.5.4.3 Real Gas Relative Density (Real Specific Gravity) 
Real gas relative density (specific gravity), G,,, is defined as the ratio of the real density 


of pressure and fem- 


of the gas to th ne reference cay 
perature. To correctly apply the real gas relative density (specific grav ity) to the flow cal- 

: ns for the determination of the real gas relative density 
(specific gravity) must be the same as the base conditions for the flow calculation. At ref- 
erence (base) conditions (P,, f;,), real gas relative density (specific gravity) is expressed as 


follows: 


ia Fea es 

n ia 
144 x 
Z,,RT, 


Poa = Pray 
Liga = Loa 


And the real gas relative density (specific gravity) is capressed as follows: 


( Mia Zu | 
Ge z G-4D 
(Mn, AZ, } 

The use of real gas relative density (specific gravity) in the flow calculations bas a his- 
toric basis but may add an increment of uncertainty to the calculation as a result of the lim- 
itations of field gravitometer devices. When real gas relative densities (specific gravities) 
are directly determined by relative density measurement equipment, the observed values 
must be adjusted so that both air and gas measurements reflect the same pressure and tem- 
perature. The fact that the temperature and/or pressure are not always at base conditions re- 
sults in small variations in determinations of relative density (specific gravity). Another 
source of variation is the use of atmospheric air. ‘I'he composition of atmospheric air—and 
its molecular weight and density—varies with time and geographical location. 

When recording gravitometers are used and calibration is performed with reference 
gases, either ideal or real gas relative density (specific gravity) can be obtained as a 
recorded relative density (specific gravity) by proper certification of the reference gas, The 
relationship between ideal gas relative density (specific gravity) and real gas relative den- 


ae wife eravitul is aynreces: as follows: 
sity (specific gravity) is expressed as foll 


(3-48) 
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G, = ideal gas relative density (specific gravity). 
G, = real gas relative density (specific gravity). 
Mr,, = molar mass (molecular weight) of air 
= 28,9625 pounds mass per pound-mole. 
Mr,j, = mMoiar mass (moiecuiar weight) of the fiowing gas, in pounds mass per pound- 
mole. 
F, = absolute static pressure of a gas at base conditions, in pounds force per square 
inch absolute, 


in pounds force ner square inch absolute. 
pounds force per squate inch absolute. 


= base pressure of ai 
* baie = My eae 
Pi, = hase, a presi of a gas, in pounds farce per sqnare inch absolute. 

R = universal gas constant 

= 1545.35 (bf-fh/(bmolR). 

absolute temperature of a gas at base conditions, in degrees Rankine. 
base temperature of air, in degrees Rankine. 
base temperature of a gas, in degrees Rankinc. 
= compressibility of air at base conditions (F,, J). 
Zig., = compressibility of a gas at base conditions (F,, 7,). 


3.5.5 DENSITY OF FLUID AT FLOWING CONDITIONS 
3.5.5.1 General 


The fiowing density (p,,) is a key component of certain fiow equations. It is defined as 
the mass per unit volume at flowing ‘Pressure and temperature and is measured at the se- 


lected static pressure tap location. The value for flowing density call be caicuiaied from 
equations of state or from the relative density (specific gravity) at the selected static pres- 


sure tan. 1 fluted densi gat Aawing conditions can alsa he measured usine commercia a9 
tap. The fluid density at flowing conditions can alse be measured using commercial 


densitometers, Most densitometers, because of their physical installation requirements and 
design, cannot ly measure the de: 


density at the selected pressure tap location. There- 
fore, the fluid density difference between the density measured and that existing at the 
defined pressure tap location must be checked to determine whether changes in pressure or 
temperature have an impact on the flow measutement uncertainty. 

An approximation for field calculation is the direct application of tablea from the cqua- 
tion of state. Such density tables have considerable bulk if they cover a wide range of con- 
ditions in smal increments. Tables have a further deficiency in that they do notreadily lend 
themselves to interpolation or extrapolation with fluctuating temperature and/or pressure. 

At the time of publication, it was anticipated that a computer program for IBM and com- 
patible personal computers that generates density and/or compressibility tables for uscr- 
defined gas and pressure—temperature ranges would be available through A.G.A. This 
program uses the equations in A.G.A. Transmission Measurement Committee Report No.8, 


‘When the composition of a gas mixture is known, the gas densities o,, and p, may be cal- 
culated from the gas law equations. The molecular weight of the gas may be determined 
from composition data, using mole fractions of the components and their respective mole- 
cular weights. 


= 
I 


Mr, + @,Mr +... + Mr, 


= ¥oMr, 3-49) 


In the following, the gas law equation, Equation 3-42, is rearranged to obtain density val- 
ues! 
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Therefore: 


Or 


Po 


Pro 
U7 


a) 


144PV = nZRT 
ne im (3-50) 
; 5 
i44py = | aa (3-51) 
(Mees 
m 144 F Mz, 
Pay, = og = pecan eis. ni (3-52) 
mY, ZRF 
144 RM) 
P, = Mm. ie (3-53) 
% ZRF, 


ideai gas relative density (specific gravity). 
mass of a fluid, in pounds mass. 

Mwlar Hass (molecular weight) of aix 
28.9625 pounds mass per pound-mole, 
molar mags (molecular weight of the fo 
molar mass (molecular weigh) of the flow 


mole. 


mole. 

number of moles. 

absolute static pressure of a gas, in pounds force per square inch absolute, 
absolute static pressure of a gas at base conditions, in pounds force per square 
inch absolute. 

absolute static pressure of a gas at the upstream tap, in pounds foree per square 
inch absolute, 


universal gas constant 
1545.35 (Ibf-f)/(bmol-°R). 
absolute temperature of a gas, in degrees Rankine. 

absolute temperature of a gas at base conditions, in degrees Rankine, 
absolute temperature of a flowing gas, in degrees Rankine, 

volume of a gas, in cubic feet. 
compressibility of a gas at PT. 


comprossibi 


compressibility of a gas at flowing conditions (P,, 
d Ts), i 

7 » £5), in p ot, 
density of a gas at upstream flowing conditions (F,,, 7;), in pounds mass per cu- 
hic. font. 

mole fraction of a component. 


ity gas P,, 7), ino 
ty gas 


3.5.5.3 Density Based on Ideal Gas Relative Density (Specific Gravity) 


The gas densities p,,, and p, may be calculated from the ideal gas relative density 
(specific gravity), as defined in 3.5.5.2. The following equations are applicable when a gas 
analysis is available: 


he Mis = Moins 
‘Mr, 28.9625 


(3-46) 
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Note: The molecular weight of dry air, from GPA 2145-91, is given as 28.9625 pounds mass per pound-mole (ex- 
actly). 


Mr, = Gl, = G,(28.9625) 3-54) 


thas 


Substituting for Mz,,, in Equations 3-52 and 3-53, p,,, and p, ate determined as follows: 


ook Be 9625) (144) 
. 235 
2G 
= 2.69881 (3-55) 
25 
And 
_ 3G(28.9625)(144) 
P ZRT 
Z,R5, 
= 2.6988 2G. (3-56) 
2, @ 
Where: 
= ideal gas relative density (specific gravity). 
fig, = molar mass (molecular weight) of air 
= 28.9625 pounds mass per pound-mole. 
Mr.,, = molar mass (molecular weight) of a fowing und: sind 
Mr, = molar mass (molecilar weight) of. a fowt 
mole. 
P, = absolote static pressure of the gas at base con 
inch absolute. 
F,, = absolute static pressure of a gas at the upstream tap, in pounds force per square 
inch absolute. 


R = universal gas constant 

1545.35 (Ibf-f)/(ibmol-°R). 

absolute temperature of a gas at base conditions, in degrees Rankine. 

= absolute temperature of a flowing gas, in degrees Rankine. 

y of a gas at base conditions (P,. T,). 

= compressibility of a gas at flowing conditions (F,,, T,). 

= density of a gas at base conditions (A,, T,, and Z,), in pounds mass per cubic 
foot. 

Pp, = density of a gas at upstream flowing conditions (F,, Z;, and Z,), in pounds mass 


ser cuble foot 
per cubic toot. 


3.5.5.4 Density Based on Real Gas Relative Density (Specific Gravity) 


The relationship of real gas relative density (s, 
(specific gravity) is given by the following equation: 


gravity) to 


G=G—* (3-48) 
Lae 
Or 
= Ge 


hae 


Note: The real gas relative density (specitic gravity) of dry air at base conditions is defined as exactly 1.00000. 


Substituting for Gin Equations 3-55 and 3-56 results in the following: 


I 
Lo 
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2.69881 BG, Z,, 


ioe 3-58) 


To correctly apply the density cquations, Equations 3-57 and 3-58, which were devel- 
oped from the real gas relative density (specific gravity), to the flow calculation, the refer- 
ence base conditions for the determination of real gas relative density (specific gravity) and 
the base conditions for the flow calculation must be the same. When standard conditions are 
substituted for base conditions, 


Rok 
= 14.73 pounds force per square inch absolute 
L=T 
= 519.67°R (60°F) 
Lave = Zea 
= 0,999590 


The gas density based on real gas x 


ing equations: 


Pim = “9.999590 Z, 


= 2.69992 A (3-59) 


z 
© 


(2.6988 114.73 


DG, 
Ps = 6 909590%519.67) 
(©.999590}(5 19.67) 


= 0.0765289 G 3-60) 


ideal gas relative di 

real gas relative density. 

absolute static pressure of a gas at base conditions, in pounds force per square 

inch absolute. 

P,, = absolute static pressure of a gas at the upstream tap, in pounds force per square 

inch absolute. 

absolute temperature of a gas at base conditions, in degrees Rankine. 

absolute temperature of a flowing gas, in degrees Rankine. 

= compressibility of air at base conditions (P,, 7). 

= compressibility of a gas at base conditions (F,, Z;). 

compressibility of a gas at flowing conditions (F.. 7). 

= compressibility of air at standard conditions (4, 15). 

compressibility of a gas at standard conditions . T,). 

density of a gas att s (Fy Th, aiid Zy), 

= density of a gas at standard conditions (P, T,, and Z,), in pounds mass per cubic foot 

= density of a gas at upstream flowing conditions (P,, 7,, and Z,), in pounds mass 
per cubic foot. 


The density equations for standard conditions based on the real gas relative density (specific 
gravity) developed above require standard conditions as the designated reference base con- 
ditions for G, and incorporate Z,,, at 14,73 pounds force per square inch absolute and 
519.67°R in their aumeric constants. 
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APPENDIX 3—-A— ADJUSTMENTS FOR INSTRUMENT CALIBRATION 


3-A.1 Scope 


This appendix provides equations and procedures for adjusting and correcting ficld mea- 
surement calibrations of secondary instruments. 


3-A.2 General 


Field practices for secondary instrument calibrations and calibration standard applica- 
tions contribute to the overall uncertainty of flow measurement. 

Calibration standards for differential pressure and static pressure instruments are often 
used in the field without local gravitational force adjustment or correction of the values in- 
dicated by the calibrating standards. For example, it is common to usc water column 
manometers to calibrate differential pressure instruments without making field corrections 
to the manometer readings for changes in water density. The manometer readings are af- 
fected by local gravitational effecis, water temperatures, and the use of other than distilied 
water. 


Pressure devices that employ weights arc ie differential pressure in- 


struments without corre ection for the local ee force Sumlaly, deadweight testers 


n for the local 


gravitational force. It is is usually more convenient and a accurate to incorporate these adjust- 
ments in the flow computation than for the person c ing the i 
small corrections during the calibration process. Therefore, additional factors are ‘added to 
the flow equation for the purpose of including the appropriate calibration standard correc- 
tions in the flow computation either by the flow calculation procedure in the office or by the 
meter technician in the field. 

Six factors are provided that may be used individually or in combination, depending on 
the calibration device and the calibration procedure uscd: 


rent to apply these 


£m Correction for air over the water in the water manometer during the differential in- 
strument calibration. 
#, Local gravitational correction tor the water column calibration standard. 
Fi. Water density correction (tempcrature or composition) for the water column calibra- 
tion standard. 
Fyq Local gravitational correction for the deadweight tester static pressure standard. 
Fem Manometer factor (correction for the gas column in mercury manometers). 
Fie Mercury manometer temperature factor (span correction for instrument temperature 
change after calibration). : 


These factors expand the base volume flow equation to the following: 


OF = 0,8, Fu Ku Bua Tame (3-A-1) 


All of the flow factors that are pertinent to gas flow and are defined in this standard are 
included in Equation 3-A-1, Some of the factors are not applicable to all measurement sys- 
tems and may therefore be considered equal to 1 or ignored, as preferred by the user. For 
other applications, particularly those involving mass flow calculation, specific factors may 
be included in the selected equation as appropriate for the system, the calibration of the in- 
strumentation, and particular opcrating procedures. 


3-A.3 Symbols, Units, and Terminology 
3-A.3.1 GENERAL 


The symbols and units used are specific to this appendix and were developed based on 
the customary inch-pound system of units. Regular conversion factors can be used where 


ai 


SF SN EE eee Recess ac ed Re a Ee a ed CN (I PES FS MS PTET (RPT 
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applicable; however, if SI units are used, the more generic equations in Fart 1 should be 


used for consistent results 


3-A.3.2 SYMBOLS AND UNITS 


Symbol 


Pa 
Pas 
Pe 


Pag 


Description 

Temperature, in degrees Fahrenheit 
Temperature, in degrees Rankine 

Correction for air over the water in the water 
manometer 

Manometer factor 

Mercury manometer temperature factor 
Local gravitational correction for deadweight 
tester 

Local gravitational correction for water column 
Water density correction 

Local acceleration due to gravity 
Acceleration of gravity used to calibrate 
weights or deadweight calibrator 

Tdeal gas relative density (specific gravity} 
Real gas relative density (specific gravity) 


Differential pressure above atmospheric 
Differential pressure above atmospheric 


Elevation above sea level 

Latitude on earth's surface 

Molar mass of gas 

Molar mass of ait 

Absolute gas pressure 

Local atmospheric pressure 

Base pressure 

Absolute pressure of flowing gas 
Volume flow rate at standard conditions 
modified for instrument calibration 


adjustments 

Universal gas constant 
Absolute gas temperature. 
Base temperature 


dure of a flowing gas 
Mercury ambient temperature 

Gas ambi 
Compressibility of a gas at 7 and P 
rer 
conditions (G,, P,, and 7;) 
Compressibility of air at 
519.67R 
Compressibility of air at Z,,.. aad 519.67°R 
Compressibility of air at 14,73 psia and 
519.67°R 

Compressibility of gas at flowing conditions 
(G,, ¥, and T;} 

Density of air at pressure above atmospheric 
Density of atmospheric air 

Density of gas or vapor in the differential 
pressure instrament 

Density of mercury in the differeniial pressure 
instrument 


+ temmerature 
t temperature 


@ 


Units/Value 


fifsec? 


ft/sec? 


degrees 

Ibm/lb-mol 
28.9625 Ibm/lb-mol 
Ibi/in? (abs) 

Ibifin? (abs) 

Ibffin? (abs) 

Ibffin? (abs) 


the 
1545,35 (Ibf-ft)/(lb-mol-°R) 


0.999590 


Ibnafft* 
lbm/ft? 


tbm/f? 


{bm/ft* 
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Pre ~Deusity of mercury in the differential pressure 


instrument at the time of its calibration Thm? 


Pro ‘Density of mercury in the differential pressure 


instrument al the mercury gauge operating, 


conditions Tom/£ 
2. Density of water in the manometer at other 
than 60°F Ibm/ft} 


tt Se tec eet a adin nal 


The factor 7, corrects for the gas leg over water when a water manometer is used to cal- 
ibrate a differential pressure instrument: 


B= foe = Pe (3-A-2) 
When atmospheric air is used as the medium to pressure both the differential pressure in- 


strument and the water U-tube manometer during calibration, the density of air at atmos- 
pheric pressure and 60°F must be calculated using the following equation: 


— MrGP 
RZT 


Substituting local atmospheric pressure (2,,,,) for absolute pressure (P), 519.67°R (60°F) for 
the absolute temperature (4), 28.9625 tor Mr,,, 1,0 for the ideal relative density (specific 
gravity) of air (G)), and 1545.35 for the universal gas constant (R) provides the following 
relationship: 


(3-A-3) 


(28.9625)(1.0)P, 


tnt 


Pa = 


Tig Fan (519-67) 
* 192.5562,_ Sear 


The local atmospheric pressure may be calculated using an equation published in the Smith- 
sonian Meteoratogical Tahles: 


Sales | 0 — (Blevation, ft - 361)] 


. (hes 
55096 + Glev » ft — 361 
L 


(3-A-5) 


Em 


The density of air at any given differential pressure (4,,,) above atmospheric pressure can 
then be represented by the following: 


- jh, 
Po 


aon 
Pa = ae G-A.6) 
The density of water can be obtained from Table 3-A-1 or calculated from the following 
Wegenbicth density cquation: 
D, = 0,0624280[999.8395639 + 0.067982999R97, — 0.0091060255647? 
+ 0,0001005272999T? — 0.000001126713526T;' 


+ 0.00000000659179560677'] G-A-1) 
Where. 
G, = ideal gas relative density (specific gravity). 
Ayq = differential pressure above atmospheric, in inches of water at 60°F. 
Mr = molar mass of a gas, in pounds mass per pound-mole. 
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Table 3-A-i—Waler Densily Based on 
Weaenbreth Equation 
Wecenbroth Equation. 

Temperature Density Temperature Density 
CP dibmjfty CH Com/it?) 

45 62.4212 63 62.3490 

46 62,4193 64 62.3427 

47 62.4172 65 62,3363 

48 62.4148 66 62,3297 

49 62.4121 67 62,3228 

50 62.4002 68 62.3157 

' 51 62.4060 69 62.3085 
: 52 62.4026 70 62.3010 
33 62,3980 7 62.2934 

54 62,2949 72 62,2855 

55: 62.3908 73 62.2775 

56 62.3863 7” 62.2692 

37 62.3817 75 62.2608 

58 62,3768 16 62,2522 

5D 62.3717 7 62,2434 

60 62,3663 B 62.2344 

61 62,3608 79 62,2952 

62 62.3550 80 62,2159 


Pan = local atmospheric pressure, in pounds force per square inch absolute. 
R = universal gas constant 


= 1545.35 (bef itbmo!l OR} 
= 1545.35 UbEfp/ibmol OR), 


T = absolute gas temperature, in degrees Rankine. 


7 and 519.67°R. 
Zo, = compressibility of air at P,,, and 519.67°R. 
p = density of a gas, in pounds mass per cubic foot. 
f, = density of air at pressure above atmospheric, in pounds mass per cubic foot. 
Pan = density of atmospheric air, in pounds mass per cuhic font. 
Py = density of waier in a manometer at a temperature other than 60°F, in pounds 
mass pet cubic foot. 


3-A.5 Water Manometer Temperature Correction Factor (F,,) 


The factor F,, corrects for variations in the density of water used in the manometer when 
the water is at a temperature other than 60°F. The ,, correction factor should be included 
in the flow measurement computation when a differential instrument is calibrated with a 
water manometer. 


(3-A-8) 


Where; 
P. = density of water ina manometer at a temperature other than 60°F, in pounds mass 
per cubic foot. 
3-A.6 Local Gravitational Correction Factor for 
Water Manometers (F,,) 


The factor Fy corrects the weight of the manomcier fluid for the local gravitational force. 
The effect on the quantity is the square root of the ratio of the local gravitational force to 
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the standard gravitational force used in the equation derivations. This relationship is ca- 
pressed as follows: 


Eo = 4 Es (G-A-9) 
* 439.1740 aaa: 


Where: 
& = local acceleration due to gravity, in fect per second per second. 


The local value of gravity at any location may be obtained from a U.S. Coast and Geo- 
detic Survey reference to aeronautical data or from the Smithsonian Meteorological Tables. 
Using Equation E11 from the 1985 cdition of ANSI/API 2530 and the 45°-latitude-at-sea- 
level reference value, approximate vaiues of g, may be obtained trom the following curve- 
fit equation covering latitudes from 0° to 90°: 


= 0,0328095[978,01855 - 0.0028247L + 0.0020299/7? 
— 0,000015058Z? - 0,000094/7] (3-A-10) 


de, in degrees. 


evation, in feet above sea level. 


3-A.7 Local Gravitational Correction Factor for Deadweight 
Calibrators Used to Calibrate Differential and Static 
Pressure Instruments (f,,) 


The factor F,,, is used to correct for the effect of local gravity on the weights of a dead- 


weight calibrator. The calibrator weights are usually sized for use ata stand gravitational 


8 = acceleration due to local gravitational force, in feet per second per second. 
80 = acceleration of gravity used to calibrate the weights of a deadweight calibrator, in 


fect per second per second. 


When a deadweight calibrator is used for the differential pressure and the static pressure, 
both must be corrected for local gravity. This involves using F,,,, twice. 


jon for Gas Coiumn in Mercury 
Manometer Instruments (Figq,) 


The factor F,.,, corrects for the gas or vapor leg of fluid at static pressure and the temper- 
ature of the manometer or other instrument, Mercury U-tube manometers and mercury- 
Mmanometer-type differential pressure instruments are sometimes used to measure #,,. The 
manometer factor Fig is added to the flow equation to correct for the effect of the gas cal- 
umn above the mercury during flow measurements: 


Fo, = {of (3-A-12) 
‘hgr Pre 


Where. 


Pre = density of mercury in the differential pressure instrument, in pounds mass per cu- 
bic foot. The effect of atmospheric air (usually defined as the weight in vacuo of 


= 
——— aa 
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the mercury sample at tho base pressure and temperature defined for the flow moa 
surement) is excluded. 

p, = density of the gas or vapor in the differential pressure instrament, in pounds mass 
per cubic foot. The offect of atmospheric air (usually defined as weight in vacuo 
of the fluid sample at the flowing pressure existing ut the orifice meter during the 
flow measurement and at the temperature existing at the differential pressure in- 
strument during the flow measurement) is excluded. 


The density of mercury at ambient temperature T,,,,, in degrees Rankine, may be caleu- 
lated from the following cquation: 


Pig = 846.324[1.0 — 0,000101(G,, — 519.67)] (3-A-i3) 
The density of a gas at ambient temperature may be calculated using the following equa- 
tion: 
_ MinZ/SB rer 
- 2, Loa, 
For standard conditions of 
Bak 
4 
1 
Then 
BZG, 
p, = 2,699922—— (3-A-15) 
1 a, 
Where 


G, = real gas relative density (specific gravity). 
Mr, = molar mass of air 


= 28.9625 pounds mass per pound-mole, 


inte pressure af a flowing naan pound’ 


Pp 
f 
R = univeral gas constant 
= 1545.35 (bf-f)Albmol-°R). 
absolute temperature of a flowing gas, in degrees Rankine. 
= gas ambient temperature, in degrees Rankine. 
= mercury ambient temperature, in degrees Rankine. 
compressibility of a gas at G., 7;,, and F, 
compressibility of air at 519.67°R and 14.73 pounds force per square inch ab- 
solute 
= 0.999590, 
Z,; = compressibility of a gas at flowing conditions (G,, G, and /). 
7, = compressibility of a gas at 519.67°R and 14.73 pounds force per square inch ab- 
solute. 


Tabular data for F,,,, are given in Table 3-A-2. 

Correction for a liquid leg over the mercury can also be made if the liquid density is sub- 
stituted for p, in Equation 3-A-12. If the mercury differential pressure instrument is cali- 
brated using a water column or a weight calibrator, the F,, and F,, factors are also needed. 


@ 
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fable 3-A-2—Mercury Manometer Factors (Fig) 


Real Gas Ambient ‘Static Pressure (pounds force per square inch gauge) 
Relative ‘Temperatare - 
Density CR) a S00 1000 1500 2000 2500 SO) 
0.550 9 1.0030 10006 0.9990 0.9973 0.9960 09951 
600 o 1.0030 1.0002 0.9982 0,9962 0,9949 0.9940 
o 1.0030 0.9997 0.9971 0.9950 0.9938 0.9930 
oO 1.0030 0.9991 0.9957 0.9937 0.9926 0.9920 
i) 1,0030 0.9984 0.9940 0.9923 0,9913 0.9910 
20 1.0020 0.9997 0.9983 0.9969 0.9956 0.9947 
20 1,0020 0.9994 0.9977 0.9959 1.9946 0.9937 
20 1,0020 0.9990 0.9968 0.9949 0.9936 0.9927 
20 1,0020 0.9983 0.9957 0.9936 0,9924 Q99Lt 
20 1.0020 0.9980 0.9944 0.9924 0.9912 0.9907 
40 1.0010 0.9989 0.9977 9964 0.9952 0.9942 
40 1.0010 9.9986 0.9972 0.9956 0.9943 0.9933 
40 Leoie 2983 C9865 C5947 5.9933 0.9523 
40 1.0010 9.9980 0.9957 0.9936 0.9922 0.9913 
40 1.0010 0.9975 0.9947 0.9925 0.9912 0.9903 
60 1.0000 O.59R0 0.9909 O9957 0.9940 0.9936 
60 1.0000 0.9978 0.9965 0.9951 0.9938 0.9928 
60 1.0000 09975 0.9959 0.9943 0.9929 0.9919 
60 1.0000 0.9972 0.9953 0.9933 0.9919 0.9909 
60 L000 0,9968 0.9944 0.9923 0.9909 0.9900 
80 0,9990 0.9971 0.9961 0.9950 0.9940 0.9931 
80 0.9990 0.9969 0.9957 0.9945 0.9933 0.9923 
80 0.9990 0.9967 0.9953 0.9938 @.9925 0.9915 
80 0.9990 0.9964 0.9948 0.9930 0.9916 0,9905 
80 a9990 0.9977 0.9961 0.9041 0.9921 0.9906 0.9896 
100 0.9980 0.9972 0.9962 0.9953 0.9943 0.9933 0,9925 
100 0.9980 06,9971 0.9960 0.0049 9938 0.9926 Q.2917 
100 0.9980 0.9970 0.9958 0.9945 0.9932 0.9919 0.9909 
100 0.9980 0.9969 0.9956 0.9941 0,9925 0.9912 0.9901 
19d 0.9980 2.9968 8.9953 0.9935 GS3i7 0.9903 0.9892 
120 0.9970 0.9962 0.9953 0.9944 0.9935 0.9926 0.9918 
120 0.9970 0.9961 0.9951 0.9941 0.9930 0.9920 0.9911 
6.650 126 0.5576 6.9960 0.9945 0.9937 0.9925 Og914 0.9904 
0.700 120 0.9970 0.9959 0.9947 0.9933 0.9920 0.9907 0.9896 
0.750 120 0.9970 0.9958 0.9945 0,9929 0.9913 0.9899 0.9888 


Note: This table is for use with mercury-type recording gauges that have gas in contact with the mercury surface. 


A.Q Mercury Manometer Instrument Temperature Factor (Fi) 


The factor Fi, corrects for the change in mercury density in the mercury differential pres- 


ent due to temperature change from the time of instrument calibration. The 


mercury manometer temperature factor is introduced to correct for the error in differential 
pressure reading caused by a change in mercury temperatur 
the density of mexcury after calibration of the instrument. The factor is defined by the fol- 
lowing equation: 


\ Pree 
Where: 


Pry = density of the mercury in the differential pressure instrument, in pounds mass per 
cubic foot, at the meroury gauge operating conditions. The effect of almosplieric 
air (usually getined as the weight in vacuo of the mercury sample at the pressure 


sschiiees geneney ieen Sina 
ure of the mereury gauge) is excluded, 


Pigs = density of the mercury in the differential pressure instrument, in pounds mass per 
cubic foot, at the time of its calibration. The effect of atmospheric air (usually 
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defined as the weight i vacuo of the mercury sample at a pressure of 1 atmos- 
phere and the temperature of the mercury gauge) is excluded. 


The mercury manometer temperature factor applies only to mercury-manometer-type 
gauges without invernal temperature compensation when such gauges are used at operating 
temperatures different from the temperature of calibration. 


@ 
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APPENDIX 3-B—FACTORS APPROACH 


The factors approach can provide answers identical to those developed in this part of 
Chapter 14, Section 3. The user is cautioned that when the tables in this appendix are used, 
the values are only precise for the variables stated, For different dimensions or other input 
parameters, the true value can only be developed from computation. 


3-B.2 Symbols, Units, and Terminology 


3-B.2.1 


GENERAL 


Some of the symbols and units listed below are specific to this appendix and were devel- 
oped based on the customary inch-pound system of units. Regular conversion factors can 
be used where applicable; however, if SI units are used, the more generic equations in Part 


Lshowid 


43 


Pe en] oe it ee ah 8 
v 


‘be used for consistent results. 


Description 


Composite orifice flow factor 

Orifice plate coefficient of discharge 
Orifice plate bore diameter calculated at 
flowing temperature, 7; 

Meter tube internal diameter calculated at 
flowing temperature, 7; 

Napierian constant 

Velocity of approach factor 

‘Temperature, in degrees Fahrenheit 
Absolute temperature, in degrees Rankine 
Orifice caiculation factor 

Orifice calculation factor for D < 2.8 
Real gas relative density fi 
Numeric conversion factor (see Table 3-B-2) 


Base pressure factor 
Base pressure factor 


Supercompressibility factor 

Orifice slope factor 

Base temperature factor 

Hiowing temperature factor 

Real gas relative density (specific gravity) 
Orifice differential pressure 

Absolute base pressure 

Absolute flowing pressure (upstream tap) 
Standard pressure 

Pipe Reynolds number 

Volume flow rate per hour at base conditions 
Volume flow rate per hour at standard 
conditions of Z,, 7, and &, 

Absolute basc temperature 

Absoiute fiowing temperature 

Standard temperature 

Expausion facior 

Expansion factor (upstream tap) 


y factor 


29 


Units/Value 


in 


in 
2.71828 
op 

°R 


inches of water column at 60°F 
Ibf/in? (abs) 

Ibffin? (abs) 

14.73 Ibffin? (abs) 


feyar 
fe/nr 

R 

°R 
319.67°R 


4 
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¥, Expansion factor (downstream tap) _— 
2, Compressibility at base conditions (P,, Z,) — 
Compressibility at upstream flowing 
conditions (f%, 7) —_ 
Z, Compressibility at standard conditions 

@,0) — 
B Diameter ratio (d/D) _ 


3-B.3 Equations for Volume Flow Rate of Natural Gas 


Tn the measurement of natural gas, the general practice is to siaie the flow in cubic feet 
per hour at some specified Standard or base conditions of presets and temperature using 


1.00000 (exactly) 
& 
= 14.73 pounds force per square inch absoiuie 
T, = T, 
= S1S.G7R 
T; = 519.67°R 
Z = 2, 


The volumetric flow rate equation, Equation 3-6a, can be expressed in the historically 
more familiar format through the inclusion of calculation factors. These factors (ratios) are 
formed to allow the various terms in Equation 3-6a to be calculated individually. 

The factors are derived from combining Equation 3-6a with four numeric ratios, each 
having a value of 1.00000 (exactly). These ratios are 14.73/14.73, 519.67/519.67, 
(519,67/519,67)9, and 1/1. One half of each ratio is combined with P,, 7, J, and G,, re- 
spectively, to form the Fy, Fy, Fy, and #, factors. The other half of each ratio is combined 


with the numeric constant in Equation 3-6a to form the numeric conversion factot, F.. 


Therefore, starting with Equation 3-6a, 

LAAN 
i, y G,Z,T; 
Refommalling to incorporate the factor approach and standard conditions results in the fol- 


Q, = 218.573C,(FT)E,Y.a = (3-6a) 


G-B-1) 


Note: Variations in the base compressibility of dry air, Z,,,» from the value given at 14.73 pounds force per square 
inch absolute and 519,67°R (60°F) for base pressures between 14.4 and 15.025 pounds force per square inch ab- 
solute at 519.67°R (60°F), are within the basic uncertainity statement of the compressibifty data determination, 
Therefore, the value 0.999590 can be used in the development of the numeric constant for the flow equation, 


‘Lhus, Equation 3-B-1 can be simplified to the following form: 


0, = RE + YAR. 3-B-2) 
Or 
G-B-3) 
Where 
C= A(R + DYAAGE ER, (3-B-4) 
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= composite orifice flow factor. 

coefficient of discharge for a flange-tapped orifice plate. 

orifice plate bore diameter calculated at flowing temperature (J), in inches, 

E, = velocity of approach factor. 

#, = orifice cuivuiation facior. 

F! = orifice calculation factor for D < 2.8, 

&, = veal gas relative density factor, 

#, = numeric conversion factor (see Table 3-B-2), 

base pressure factor, 

supercompressibility factor. 

orifice slope factor. 

base temperature factor. 

= flowing temperature factor. 

real gas relative density (specific gravity). 

orifice differential pressure, in inches of water at 60°R, 

= base pressure, in pounds force per square inch absolute. 

= absolute flowing pressure (upstream tap), in pounds force per square inch 
absolute. 

Q, = volume flow rate at standard conditions of Z,, 7,, and P,, in cubic feet per 

hour. 

T, = base temperature, in degrees Rankine. 

7; = absioute fiowing temperature, in degrees Rankine. 

¥, = expansion factor (upstream tap). 

Z, = compiessibility at base conditions (4, 7). 

Z,, = compressibility at upstream flowing conditions (,, 7). 


The content of the composite orifice flow factor C" is different from what has been used 
in the past. The A(F, + E) product is a replacement for the F, and F factors previously used 
in Ci Because of the form of the new discharge coefficient equation, the numeric constant 
(f) has been separated, and £ and £, are treated as combined additive terms. The composite 
orifice flow factor assumes that the measured values are absolute. Adjustment factors to 
compensate for the type of instrumentation used, the calibration methods, and the elements 
a Appendix 3-A, When the instruments are not cai- 
ibrated or read fo absolute values, adjustment factors may be applied as a multiplier to Ct 


3-B.4 Numeric Conversion Factor (F) 


The numeric conversion factor £, (see Table 3-B-2) combines the numeric clement of 
Equation 3-B-1 with the orifice diameter (4) and the velocity of approach factor (Z,) to pro- 


| vide the foiiowing equation: 


I 


E = (218.5731 5476DE,0fZ, 
338.2652, 0° JZ, 
338.2658, D'p* |Z, (3-B-5) 


When standard conditions are substituted for base conditions, 


I 


Rak 
14.73 pounds force per square inch absolute 


319.67°R (60°F) 
= Lon 


0.999590 


x 
1 ot 


al} 
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) 


The numeric conversion factor, #,, reduces to the following: 
Fo = 338.196 Ed" (3-B-Sa) 


9 
ay 


F = 338.196, D°p? (3-B-3b) 


® 


d = orilice plate bore diameter calculated at flowing temperature, J, in inches, 


D = meter tube internal diameter calculated at flowing temperature, 7;, in inches. 
#, = velocity of approach factor 
= 1d — BO. 
Fj, = numeric conversion factor. 
f = diameter ratio (d/D). 


For the purpose of the tables in this appendix, the numeric conversion factor, F,, is 
specified at standard conditions. The velocity of approach factor is more fully described in 
344. 


A modification of the basic form of the equation for the orifice plate coefficient of dis- 
charge in 3.4.3 resulied in de equation being divided into two parts. The fisst part is the 
orifice Calculation factor (F.). The second La is the slope factor (,). The orifice plate 


(see Table 3-B-3) and E, (see Table 3-B-4): 
? (see Table 3-B-3} and 2, (see Table 3-B- 


CFT) = £4 & (-B-6} 


The sum of F and F; is applicable to nominal pipe sizes of 2 inches and larger; diameter 
ratios (/3) of 0.1—-0.75, provided the orifice plate bore diameter, d, is greater than 0.45 inch; 
and pipe Reynolds numbers (Rep) greater than or equal to 4000, For diameter ratios and 
pipe Reynolds numbers outside the limits stated, refer to Part 1, 1.12.4.1, and Part 4. 

The orifice calculation factor (4) for meter tubes whose internal diameter is greater than 
or equal to 2.8 inches is computed by the following equation: 


F = 0.5961+ 0.02918" ~ 0.22908" 


e 


+ (0.0433 + 0.07126 — 0.11456 ) 


[1 on 2008 
\ Re J | 


L 


13 Pr 08 
[2 sof 2)" Toul oral 20008)" | 
[pa-B) "\pa=BJ PO Re 
For meter tubes whose internal diameter is iess than than 2.8 inches, ¥ is modified by an ad- 
ditional term such that 


0.0116: 


Fi = E + 0,0030 — $)(2.8 - D) (G-B-8) 


c 


orifice plate bore diameter calculated at flowing temperature, 7, in inches, 
ammeter tube internal diameter calculated at flowing temperature, T;, in inches 
= Napierian constant 

2.71828 


ata 
ul 


F, = orifice calculation factor. 
F) = orifice calculation factor for B < 2,8. E 
Re, = pipe Reynolds number. @ 
B = diameter ratio 
= diD. 
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Equation 3-B-8 is only valid for tubes whose internal diameter is less than 2.8 inches, 

The inclusion of Reynolds number in the calculation term (4) makes this function thiee- 
dimensional, including f, D, and Kep. The expression can be simplified by assuming 
Reynoids number vaiues for various meier tubes from Tabie 3-B-i. These assumed vaiues 
can intraduce an error greater than 0.01 percent for meter tubes with nominal diameters of 
less than 3 inches aiid B rativs greater than 0.6. The most precise values are obtained by 
computing the orifice calculation factor (F,) using the actual Reynolds number. 

Table 3-B-3 was developed using the approximate values for Re, from Table 3-B-1. 

The assumed valucs for Reynolds number may not be used to compute the orifice slope 
factor (F;). The value of F; can only be obtained through iteration, 


3-B.6 Slope Factor (%) 


‘The slope factor, E, (see Table 3-B-4), is the slope term from the coefficient of discharge 
equation developed in 3.4.3. It is expressed as follows: 


fy = o.onsi{ Mee. 


ep 


+ er + o.on4s{ 12.0008)" |p 1.000, 0008" (G-B-9) 
| a 


Where. 

d = orifice plate bore diameter calculated at flowing temperature, 7), in inches, 

D = meter tube internal diameter caicuiated at fiowing temperature, 7;, in inches. 

#, = slope factor for flange-tapped coefficient of discharge equation (see Table 

3-B-4), 
Rep = pipe Reynolds number 

A = dieamster ratio 

(f= diameter fatic. 

= d/D, 


Since Rep is a function of the flow rate (Q,), F, can only be obtained through iteration. 
The values of Rep given in Table 3-B-1 will not provide precise results but can be used as 
ihe first approximation in an iterative solution, Typically, three iterations of G, and Rep are 
required to provide an accurate solution for F,. 


As covered in 3.4.5, for most natural gases Equation 3-2! 
from Q, and D: 
G 
Re, = 47.0723. 2. (3-29) 
D 
Where: 
Q, = volume flow rate at standard conditions (Z,, T., and 2), in cubic feet per hour. 
D = meter tube internal diameter calculated at flawing temperature, 7;, in inches. 
G, = real gas relative density (specific gravity). 


Table 3-B-5 was developed using Equation 3-29, Table 3-B-4 provides values for F, 
based on a normalized pipe Reynolds number (Rep/ 1,000,000) and diameter ratio (8).1j 


3-B.7 Expansion Factor (Y) 


The expansion factor, Y, is a function of f ratio, the ratio of differential pressure to static 
pressure, and the ratio of specific heats (also called the isentropic exponent, or the ratio of 
specific heat capacity). Fquations for the determinations of Y, and ¥, are found in 3.4.6. Tab- 
ular values for Y, are found in Table 3-B-6. 
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3-B.8 Pressure Base Factor (F,,) 


The pressure base factor, H,,, is applied to change the base pressure from 14.73 pounds 
force per square inch absolute and is calculated by dividing 14.73 by the required (Contract} 
absolute base pressure (see Table 3-B-7). Using this factor is equivalent to substituting the 
contract absolute base pressure for P, in Equation 4-6a: 


14,73 


(3-B-10) 


Where: 

P, ~ contract absolute base pressure (sce Table 3-B-7), in pounds force per square inch. 
absolute. 

3-B.9 Temperatu 


emp: UF 


The temperature base factor, F,, is applied where the base temperature is other than 60°F 
and is calculated by dividing the required (contract) base temperature in degrees Rankine 
by 519.67°R (see Table 3-B-8). The use of this factor is equivatent to substituting the con- 
tract absolute base iemperaiure for 7, in Equation 3-6a: 

q 


, = ib 
519.67 


(3-B-L1) 


Vnere? 


T, = contract absolute base temperature, in degrees Rankine. 


3-B.10 Flowing Temperature Factor (F,) 


The flowing temperature factor, Fy, is required to change from the assumed flowing tem- 
perature of 60°F to the actual flowing temperature, 7. Fis calculated by dividing $19.67°R 
by the flowing temperature in degrees Rankine and taking the square root of the result (see 
Table 3-B-9). The use of this factor is cquivalent to substituting the actual absolute flowing 


temperature for 7; in Equation 3-6a; 


(3-B-12) 


3-B.11 Real Gas Relative Dens 
Factor (&,) 


The reai gas reiative density (specific gravity) factor, #,,, is applied to change from a real 
gas relative density of 1.0 to the real gas relative density of the flowing gas and is obtained 
48 shown in Equation 3-B-13 (sce Tabic 3-B-10), Te use of this facior is equivalent to sub- 
stituting the real gas relative density for G, in Equation 3-6a: 


1 
FL = Je 3-B-13 


Where: 


G, = teal gas relative density (specific gravity). 


Real gas relative density (specific gravity) is defined in 3.5.4.3. 
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3-B.12 Supercompressibilily Factor (&,) 


‘The supercompressibility factor, f,, may be calculated from the following equation: 


Zz 
B= jo? @-B-14) 
Z, 


Where: 


7,, = gas compressibility at base conditions (F,, 7,). 

Z,, = gas compressibility at upstream flowing conditions (,, 2;). 

The development of compressibility and supercompressibility is covered in 3.5.3.2 and 
3.5.3.3, 

Historically, the natural gas industry has used a tabular approach to compressibility for 
field applications where there is no ready access to a computer. Table 3-B-11 has been in- 
cluded as a Lypical supercompressibility factor ,) table. It is only applicable to a hydro- 
carbon gas with a specific gravity of 0.6 and no nilrogen or carbon dioxide. The table is 
provided as an example only and may not be interpolated: neither may values from the table 
be adjusted for diluent content. If is typical of the tables that can be developed for the user’s 
specific application (gas quality, temperature range, and pressure range). The alternative is 
ihe direct caicuiaiion of ¥,, for the specific measurement conditions using A.G.A. Transmis- 
sion Measurement Committee Report No, 8, 


3-B.13 Tables 


The values of all the factors of C’ as defined in Equation 3-B-4 are obtained from Equa- 
tions 3-B-S through 3-B-14. Tabular data are included in this appendix as alternative means 
of determining all factor values except for #,, values. ‘The tables can also be used to check 
calculated values, The tables are only precise for the values listed, 


Tabla 3-B-1—Assumed Reynolds Numbers for 
Various Meter Tube Sizes 


Nominal Tube Assumed 
Diameter Reynolds 
Ginches) Numbcr, Rep 


SRBRSS@manwn 
» 
2 


wy pee 
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36 CHapter 14—Narunal Gas Fluios MeasuREMENT 
Table 8-B-2—Numeric Conversion Factor (fj) 
a 
eS 338.196 D’p* 
Nominal Pipe Diameter 
2 Inches 3 Inches 4 Inches 

Ratio 1.687 1,939 2.067 2.300 2.624 2.900 3.068 3.152 3.438 3.826 4.026 
0.200 38.531 $0902 57.844 71.620 93.219 113.86 127.43 134,51 160.03 198.18 219,44 
9220 © 46,530 S614 70,017 $6692 112.84 137.82 154.25 162.82 193.70 239.89 (265.63 
0.240 $5,532 73.262 83,367 103,22 134.35 164.10 183.66 193.86 230,63 285,63 316.27 
0.260 65.214 86.152 97,902 121.22 157.77 192.71 215.69 227.66 270.85 335.43 37141 
0.280 75.693 99.595 113.63 140.70 183.13 223.08 250.34 264.24 314.37 389.33 431.09 
0.300 86.978 114.90 130,57 161.67 210.43 257.02 287.67 303.63 36£.23 449,37 495.96 
0.320 99.080 130.89 148.74 184,17 239,71 292.79 527.69 345,88 411.50 509.62 364.29 
0.340 2 147.98 168,16 208.21 27.00 33101 SOAT 391.04 465,22 576.15 637,96 
0.360 125.80 166.19 188.86 233.83 304.35 439.16 522.47 647.06 716.47 
0,380 140.46 185.55 210.96 261.08 339.81 490,52 583.34 722.44 799.94 
0.400 156.01 294.21 289.99 377.44 544,62 647.94 802.44 388.52 
0,420 172.49 320.62 ALL 602.15 716.38 887.20 982,38 
0.440 189.93 353.04 ASG.S1 663.04 788.83 976.92 1,081.7 
0.460 208.38 387.34 504.15 PIAS 865.45 1,07L8 1,186.8 
0.480 227.89 423.60 $51.34 795.55 946,47 1,172.2 1,297.9 
0.500 248.52 461.93 601.24 867.55 1,032.1 1,278.2 1,415.4 
0.520 270,33 502.48 943.70 1,122.7 1,390.4 1,539.6 
0.540 203.42 545.30 1,024.3 1,218.6 1,509.2 1,671.1 
0560 317,87 500.85 1,109,7 1,320.2 1,635.0 18104 
0.580 343.82 639,09 1,200,3 1,428.0 1,768.5 1,958.2 
0.600 371.40 600.35 228 ¢ 1,296.5 1,542.5 1,910.3 2,H15.2 
0,020 406,78 7 1,325.5 1399.1 1,664.5 2,001.4 2,282.5 
0.640 432.15 803,27 1,429.3 1,508.6 1,794.8 2,222.8 2,461.2 
0.660 465,78 865.77 1,126.9 1,376.4 1,540.5 1,626.0 1,934.5 2,395.7 2,652.7 
0.680 501.94 753.54 932.99 1,214.4 1,483.3 1,660.1 1,752.2 2,084.7 2,581.7 2,858.7 
0,700 541,02 $12.21 1,005.6 1,308.9 1,598.8 1,789.4 1,888.7 2,247.0 2,782.8 3,081.3 
0.720 583.48 875.95 1,084.6 1411.6 1,724.2 1,929.8 2,036.9 2,423.3 3,001.1 3,393.1 
0,740 629,90 945.63 1,170.8 1,523.9 1861.4 2,083.3 2,198.9 2,616.1 3,239.9 3,587.5 


Note: This table was developed for informational purposes only and is specific to the following conditions: T = 68°F; G, = 0.6; 4 = 0.010080; £ = 1,3; PF, 
= 14.73; and T, = 519.67°R. 
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Table 3-B-2—(Gurilitwuou) 


@ 


106n2A2 
E= 338,196D°B' 
1 pt 


Nominal Pipe Diameter 


6 Inches 8 Inches 10 Inches ¥2 Inches 


B 
Ratio 4.897 $187 5.761 6.065 7625 7981 R071 9.562 10.020 10.036 11.374 = «11.938 = :12.090 


0.200 498.01 787.15 862.36 881.92 1,237.9 11,3593 1,751.5 1,929.5 1,978.9 
9,229 02.82 952.80 1,043.8 10675 14984 1,645.4 2,120.1 2,335.5 2,395.4 
0.240 717.75 4,194.5 1,242.9 1,271.1 1,784.1 1,959.1 2,524.3 2,780.8 2,852.1 
0.260 84289 1332.3 1,459.6 14927 2,095.1 2,300.6 29644 3,265.7 3,349.4 
0.280 78.33 1,546.3 1,694.1 1,732.5 2,431.8 2,670.3 3,440.7 3,790.4 3,887.6 
0,300 11242 4,776.9 1,946.7 1990.8 2,794.3 3,068.4 3,953.7 43555 4,467.1 
0.320 1,280.6 2,024.1 2,217.5 2,267.8 = 3,183.1 3,495.4 4,503.8 4961.6 5,088.7 
0340 1Aa7d 25070 2,503.9 3598.7 3.9517 5.0918 5,609.3 5,753.1 
0.360 1,626.0 2815.6 2,879.4 4,041.6 4,438.0 5,718.4 62996 6,461.1 
0.380 1,815.4 3,143.6 3,214.9 45124 4,955.0 6,384.7 7,033.6 7,213.8 
0400 2,016.4 3491.7 3,570.9 = 5,012.1 5,503.7 7,091.6 78124 8,012.6 
0420 2,229.4 3,860.5 3,948.1 5,541.5 6,085.1 7,840.8 

0440 24549 42500 4,347.3 6,101.9 6,700.5 8,633.7 

0.469 2,693.4 4,663.9 4,769.6 6094.7 7,351.3 9.4724 

0.480 2,945.5 5,100.5 5,216.2 7,321.4 8,039.5 10,359.1 

0500 32121 5,076.9 5,562. 5688.2 7084.0 8,767.2 11,206.6 

0.520 3,494.0 5,522.6 6,050.3 6,187.5 8,684.8 9,536.7 12,2882 

0.540 3,702.4 5,994.2 6,567.0 6,716.0 9426.5 10,351,1  10,384.2 13,337.6 

0.560 41085 6493.9 71144 7,275.8 10,.212,3 11,2140 11,249.38 144494 15,918.06 

0.589 64,4439 7,024.0 7,695.2 7,869.7 = 11,045.9 12,129.4 15,628.9 17,2173 

0.600 43312 48004 7,587.4 83124 85009 11,9319 13,1023 16,882.5 18,5984 


0.620 3,577.0 3,788.8 4,073.8 5,800 81875 89099 91733 12,875.77 14,1386 14,183.83 182179 20,0674 
0.640 3,641.4 4,085.4 5,039.7 5,585.6 8,828.5 9,672.1 9,891.5  13,883.7 15,2455 15,2943 19,6442 21,640.7 
0.660 3,924.7 4403.3 54318 60202 9,515.4 10,4246 10.6611 14,9639 16,4317 16484.2 21,172.5 23,3243 
0.680 4,229.4 4,745.2 58535 6,487.6 10.254.2 11,2341 11,488.9 = 16,125.8  17,707,.6 17,764,.2 22,816.5  25,135.4 
0.700 4,558.8 5,114.7 6,309.3 6,992.7 052.6 12,1088 12,3834 17,3814 19,0863 19,1473 24,593.1 27,0925 
0.720 4916.5 5,516.1 68044 7,541.5 11,920.60 13,059.1-13,355.2 18,745.4 20,5841 20,649.9 26,523.0 29,2186 
0,740 5,307.6 5,954.9 7,345.8 8,141.5 12,8683 14,097.9  14,417.7 20,2366 22,2217 22,292,7 28,633.00 31,543.41 32,3514 


Note: This table was developed for informational parposes only and is specific to the following conditions: T, = 68°F; G, = 0.6; 4 = 0.000069; k = 1.3; P, 
= 14.73; and T,, = 519.67°R. 
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Table 3-B-2—(Guitlirrugd) 
R= 
Nominal Pipe Diameter 
16 Inches 20 Inches 24 Inches 30 Inches 

Ratio 14,688 15.000 13.250 18.812 19.000 19.250 22.624 23.000 23.250 28.750 29.000 29.250 
0,200 2,920.8 3,046.2 3,148.5 4,7912 4,887.5 5,016.9 6,929.7 7,162.0 7318.5 J1,190.6  11,386.0  11,583.2 
0.220. 35355 3,687.3 38112 $7995 $916.0 6,072.7 8,388.1 8,869.2 8858.7 — 13,545.6 13,782.2 14,620.9 
0.240 4,209.6 4,390.3 4,537.9 69053 7,044.0 7,230.6 9,987.4 10,3221 ° 10,547.7 16,1283 16,410.0  16,694.2 
0.200 4943.5 5,153.8 5,329.0 8,109.2 8272.1 = 8,491.2 1,728.7 = 1,121.8 = -12,386.7 —18,940.2 = 19,271,1 — 19,604.8 
0.280 57378 5,984.2 6,185.3 94122 9,601.3 9,855.6 13,6133. 14,069.5 14,3770 = 21,983.69 22,3676 = 22,7949 
0.300 6,593.3 68764 7,107.5 10,8155 11,0328  11,325.0 15,642.9  16,167.1 16,520.5 25,2611  25,702.4 26,147,4 
0,320 7,510.7 = 7,833.2 6,096.5  12,520,5 12,5680 12,900.9 TA819.5 184168 18,8193 28,776.2  29,278.8 29,7858 
0.340 BA9LS 8,859.9 9,153.5 13,9289 14,208.7  14,585.1 20,1459 20,8211  21,276.2 32,535,.0 33,1012 33,6744 
0,360 9,536.2  9,945,7  10,280.0 15,643.12 15,957.35 16,380.0 22,625.1 23,3834 = -23, 894.5 36,5365 371747 37,818.4 
0.380  10,647.2 11,1044 114776 17,4655 17,816.39 18,2883 25,261.0 26,107.6  26,678.3  40,793.1 § 41,303.7  42,224.4 
0.400 11,8262  12,334.0 12,748.5 19,3095 19,7892 20,313.3 28,058. 28,9985 29,632.3 45,310.2 46,101.6 46,899.9 
0.420 13,0755 13,636.9  14,095.2 21,448,.7 21,879.6  22,459.1 31,022.0 32,0618 32,762.55 50,0965 50,9715  51,854.1 
0.440 14,397.8  15,015.9 15,520.6 23,6178 24,092.2 24,7304 4,159.2 35,3041  36,075.7 1682.4 $6,126.2  §7,008.0 
0.460 = 15,796.3 16,474.6 17,028.3  25,912.0 26,4325  27,132.7 37,A77,5 39,580.1 60,5211 61,578.3 62,6445 
0480 17,275.1  £8,016,8 18,622.4 28,337.88 28,907.0 29,672.7 —40,985.9 43,285.4 — 66,186.8 67,342,8 6 8,508.9 
0.500 IR RIK A 10,6474 20,3078 2 92,352.2 44,605.32 AD ODEO FATTO TEASE A FOO 
0.520 20,492,2. 21,3720 22,090.3 35,1985  48,618.5 31,346.2 78,5124 79,8838 — 81,267.0 
0.540 22,242.2 23,197.2 23,076.9  36,485.7 37,2186 38,204.5 — 52,770.6 55,731.2  85,217.5 — 86,705.9 — 88,207,3 
O.560  24,096.3 25,1308 25,9755 39,527. 40,3210 41,389.14 S7469.3 59,0854 0,376.8 92,520.95 93,933.5 95,560.60 
0,580  26,063.2 27,182.3 28,095.9 42,753.6 43,6124 44,767.77 61,836.1 63,9085 65,305.4 99,857.1 101,601,3  103,360.6 
0.600 — 28,153.8 29,362.6 30,349.5 47,1106 48,358.5 69,0347 — 70,543.6  107,866.7 109,750,8  111,651.2 
0.620 -36,380.7 31,685.0 32,750.60 30,836.9  52,183.5 TA49S.E 76,125.35 1165985 8431.6 1204824 
0.640 = 32,759.1  34,165.7  35,314.0 $3,737.55  54,816.9 56,2689 77,7224 ~—80,327.3  82,083.0  125,511.3 127,703.6 129,914.9 
0.660  35,307.9 36,823.8 38,061.5 57,9183 59,081.7 60,6468 83,769. 86,5768  88,469.2  135,276.3 137,639,2 140,022.5 
0.680 38,049.5 3Y,683,1 41,016.9 62,4156 63,669.4 65,3559 90273.9 93,2995 95,338.7 145,780.4  148,326.8 150,895.1 
0.700 41,0121 42,772.9 44,2106  67,275.4  68,626.8 70,444.6 — 97,302.7 100,563.9 102,761.9 157,131.0 159,875.6  162,644.0 
0.720 4,230.5 46,120.6  47,680.0  72,554.9  74,012.4 75,9729 104.938,7 108,455.8 110,826.3  169,462.1 1724221 175,407,7 
0,740 47,749.22 49,799.53 51,473.2  78,326.9 79,9003 82,0168 —113,287.0 117,083.8  119,642.9  182,943.4 186,198.9 189,362.0 


Note: This table was developed for informational purposes only and is specific to the following conditions: 7; = 68°F: G, = 0.6: 4¢ = 0.000069; £ = 1.3; P, 
= 14.73; and T, = 519.67°R. 
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, 
oe Table 3-5-3— Orifice Calculation Factor: & From Equations in 3-B.5 


Nominal Pipe Diameter 


2 Inches (Rey = 500,000) J Inches (Rep = 750,000) 4 Inches (Rep = 1,000,000) 
B in 
Ratio 1.687 1.9399 2.067 2.300 2.624 2.900 3.068 3,152 3.438 3.826 4,025 


0.200 0,59879 0.59828 0.59801 0.59752 0.59683 0.59646 0.59649 0.59651 0.59655 0.59661 0.59663, 
0.220 0.59884 0.59836 0.59810 0.59763 0.59697 0.59662, 0.59665 0.59657 0.59672 0.59678 0.59081 


0.240 0.59992 0.59845 0.59822 0.59797 059713 0 S9680 150684 8.59686 6.59601 6.59608 859701 


0.260 0.59903 0.59860, 0.59837 0.59794 0.39733, 0.59701 0.59705 0.59707 0.59713 0.59720 0.59723 
0.280 0.59918 0.59876 0.59855 0.59814 0.59755 059725 059730 0.59732 0.59738 0.59745 0.59749 
0.300 0.59935 0.59836 0.59780 0.59752 O.59757 0.59759 0.59760 059773 O59777 
0,320 0.59956 0.59862 0.59809 0.59782 059787 0.59789 0.59796 0.59804 0.59808 
0.340 0.59980 0.59892 0.59841 0.59815 0.59820 0.59823 0.59830 0.59839 0.59842, 

6.60009 0.59925 é. 57 0.598600 059867 D.59876 0.59880 


AeA 3 


0.360 6. 
0.380 0.60041 
0.400 0.60079 
0.420 0.60121 0.60093 0.60078 
0.440 0.60168 0.60142 0.60128 


25 t.S9877 0.59852 G: 7 

0.59015 0.59893 0.59898 0.59900 0.59908 O.S9917 0.59920. 
0.59959 0.59937 0.59943, 0.59945 0.59952 0.59961 0.59905 
0.60007 0.59986, 59991 0.59993, 0.60001 0.60009 0.60012 
0.60059 0.60039 0.60044 0.60046 0.60053 0.60061 0.60064 
0.460 0.60221 0.60195 0.60182 0.60156 0.60116. 0.60097 0.60101 0.60103 0.60110 0.60117 0.60120 
0.480 0.60281 0.60256 0.60243 0.60217 {1.60179 0.60159 0.60163 0.60165 0.60171 0.60177 0.60180 
0.500 0.60347 0.60323 0.60309 0.60284 0.60246 0.60227 0.60231 0.60232 0.60237 0.60242 0.60244 
0.520 0.60420 0.60306 0.60383 0.60358 6.60320 0.60301 9.60303 0.60305. 0.60308 6.60312 0.60313 
0.540 0.60502 0.60477 0.60463 0.60438 0.60400 0.60380 0.60382 0.60383 0.60385 0.60386 0.60387 
0.560 0.60592 0.60566 0.60552 0.60526 060488 0.60466, 0.60467 0.60467 0.60467 0.60467 0.60466 
0.580 0.60693 0.60664 0.60680 0.60623 0.60583 0.60560 0.60559 0.60556 0.60553 0.60551 
0.600, 0.60805 0.60773 0.60757 0.60729 0.60686 0.60661 0.60657 0.00652 0.60645, 0.60641 
0.620 0.60929 0.60894 0.60876 0.60845, 8.60800, 0.60772 0.60764 0.60756 0.60744 0.60739 
0.640 0.61069 0.61028 0.61008, 0.60974 0.60924 2 x 
0.660 0.61226 0.61178 0.61155 0.61115 0.61060 x x 609 0.60968 oO. 
0.680 0.61347 0.61320 0.61275 0.61212 0.61169 6.61147 0.61123 0.61093 0.61079 
9.700 Q61538 0.61506 0.61454 0.61980 0.61330 


ry natin below, sineiate wei 
a on 


24 


0.61758 061719 0.61657 061571 —OG1511 061485 0.61474 0.61433 (0.61384 0.61360 
0.740 0.62117 0.62012 0.61965 0.61880 O.61788 0.61716 «OG16X3—GI6AR=—«OHISIT ~—OBISS4 E1524 


than 0.60. This table was developed for informational purposes only and is specific to the following conditions: 7, = 68°F: G, = 0.6; 42 = 0.000069; & = 1.3; 
2, = 14,73; and Ty — 519.67°R. 


| Noite: Assumed values of Re, are used in this table. These may induce an error greater than 0.01 percent for line sizes less than 4 inches with Bratios greater 
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Table 3-B-3— Continued 


Norainal Pipe Diameter 


6 inches (Re, = 1,500,000) 8 Inches (Rep = 2,000,000) 


6h 
Ratio = 4.897 5.187 5.761 6.065 7.625 7381 8.071 9.562, 10.020 10.036 11.374 11.938 12.090 


10,000) 12 Inches (Rep = 3,000,000) 


0.200 0.59672 0.59674 0.59679 0.59680 0.59688 0.59689 0.59690 0.59695 0.59696 0.59696 6.59609 0.59700 0.59700 
0.220 0.59690 0.59693 059698 0.59700 0.59708 959710 059710 859715 059717 O597L7 0.59720 0.59721 0.59722 
0.240 6.59711 0.59714 0.59719 0.50721 0.59731 0.59732 0.59733 0.59738 0.59740 «0.59740 0,80744 0.59745 0,59745 
0.260 0.59735 0.59738 0.59743 0.59746 0.59756 0.59758 0.59704 0.59706 0.59766 US9TI0 OS9771 0.59771 
0.280 0.59761 0.59764 0.59770 0.59772 0.59783 0. 59785 0.59785 0.59792 0.59794 0.59794 0.59798 0.59799 0.59800 
0.300 0.59790 0.59793 0.59799 0.59802 0.59813 059815 0.59815 0.59822 0.59824 0.50824 0.59829 0.59830 0.5983! 
0.320 659821 059825 0.59831 059834 059815 059847 0.59818 0.59855 0.59857 0.59857 0.59862 0.59864 0.39864 
0.340 0.59856 0.59859 0.59866 0.59869 0.59880 0.59883 0.59883 0.59891 0.59893 0.59893 0.59897 0.59899 0.59900 
0.360 059893 0.59897 0.59903 059906 0.59918 0.59921 0.59921 0.59929 0.59931 0.59931 0.39936 0.59937 0.59938 
0.380 0.50034 0,59938 0.59044 050017 0.50050 0.50061 0.50962 059069 0.59971 0.59971 059976 0,59978 0.59079 


Gal0 O59978 0.59982 9.59988 0,50901 0.60002 O.G0005 0.60005 6.60013 260015 O.600Is 60020 0.60021 0.60022 


0.420 0.60025 0.60029 0.60035 0.60037 0.60049 0.60051 0.60051 0.60058 0.60060 0.60060 0.60065 0.60067 0.460068 
0.440 0.60076 0.60079 0.60085 0.60087 0.60088 0.60100 0.60100 0.60107 0.60109 0.60109 0.60114 0.60115 0.60116 
G460 O.0013i 6.60153 6.60138 O,0014i 0.60150 0.00152 6.60152 G.00158 0.60150 0.60160 0.60164 0.60166 6.60167 
0.480 0.60189 0.60191 0.60195 0.60197 0.60205 0.60207 0.60207 0.60212 0.60214 0.60214 0.60218 6.60219 0.60220 
0.500 0.60251 0.60253 0.60256 0.60257 0.60263 0.60264 0.60265 0.60269 0.60270 0.60270 0.60274 0.60275 0.60275 
0520 0.60317 0.60318 0.60320 0.60321 0.60324 0.60525 0.60325 0.60328 0.60329 0.60329 0.60332 0,60333 0.60333 
0540 0.60386 0.60388 0.60388 6.60388 0.60389 0.60389 0.60389 0.60390 0.60391 0.60391 0.60392 0,60393 0.60393 
0.560 0.60463 0.60462 0.60460 0.60459 0.60456 0.60456 0.60456 0.60455 0.60455 0.60455 0.60455 0.60456 0.60456 
0580 0.60543 0.60540 0.60536 0.60534 0.60527 0.60525 0.60525 0.60522 0.60521 0.60521 0.60520 0.60520 0.60520 
0.600 0.60627 0.60623 0.60616 0.60613 0.60600 0.60598 0.60598 0.60571 0.60590 0.60590 0.60587 0.60587 0,60586 
0620 060718 0.60712 0.60701 0.60696 0.60677 0.60674 0.60673 0.60653 0.60661 0.60661 0.60656 0.60655 0,60654 
0.640 0.60814 = 0,60805 0.60791 0.60784 0.60757 0.60753 0.60752 0,60737 0.60734 = 0,60734 = 0.60727 0.60724 0.60724 
0.60917 0.60905 0.60885 0.60876 0.60841 0.60835 0.60833 0.60814 0.60809 0.60809 0.60799 0.60795 0.60794 
061027 061012 0.60986 0.60974 0.60928 0.60920 0.60918 0.60892 0.60886 0.60886 0.60872 0.60867 0.60866 
061146 0.61127 0.61094 0.61078 0.61019 0.61009 0.61006 0.60973 0.60965 0.60965 0.10847 0.40940 0,60939 
0.61275 0.61251 0.61209 0.61190 0.61115 0.61102 0.61098 0.61056 0.61046 0.61046 0.41022 0.61014 061012 


ait is Ty = 68°F, G, = G6 = G000GER A = 1.3; 


0.60, This 


= 14,73; and T, 


is developed for informat 


519,67°R. 


) 
es 
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Table 3-B-3—Continued 
Nominal Pipe Diameter 
16 Inches (Re, = 4.000004) 20 Inches (Rep = 5,000,000) 24 Inches (Rep = 6.000.000) 30 Inches (Rep = 8.000,000) 
A 
Ratio 14.688 15.000 15.250 18.812 19.000 19.250 22.624 23.000 23.250 28.750 29.600 29.250 
0.59704 0.59705 0.59705 0.59708 = 0.59709 0.59709 O.59711 «= O.S9711 = O,S9711 059714 0.59714 (0.59714 
0.59726 0.59726 059727 0.59731 0.59731 059731 0.59734 0.59734 0.59734 0.59737 0.59737 (0.59737 
0.59750 0.5975L 0.5975 0.59755 0.59756 = 0.59756 = 0.59759 0.59759 = -0,59759 0.59762 0.59762 0.59762 
0.59777 0.59777 0.59778 ~=—-0.59782 0.59782 0.59783 0.59786 0.59786 = 0.59786 = 0.59790) 0.59790 0.59790 
0.59805 0.59806 O.59806 0.59812 0.59812 «0.59812 O.SYBTS «0.59816 0.59816 «0.59820 0,59R20 0.59821) 
0.59837 0.59837 0.59838 0.59843 0.59843 (0.59844 0.59847 = 0.59848 (0.59848 0.59852 = -0,59852 0.59852 
0.59870 0.59871 0.39871 «= 0.59877) O.S9BTT = O.39878 = O.39BHL 59882 0.59882 = 0.5988H 598 (0.59887 
0.59906 0.59907 0.59907 0.59913 0.59914 == 0.59914 0.59918 0.59918 0.59919 0.59923 0.59923 0.59923 
0.59945 0.59945 0.59946. 0.59952 0.59952 059953 0.59957 0.59957 0.59958 0.59962 0.59962 0.59963 
6.59986 0.59986 «= «0.59987 =: 0.59993 0.59993 0,59994 = 0.59998 = 0.59998 = 0.59999 0.60004 = 0.60004 §=—-0,60004. 
0.60025 0.60029 6.60036 6.60036 6.60037 = 6.60037 0.60041 0.60042 0.60042 0.60047 6.60047 5.60048 
0.60074 = 0.60075 «= 0.60076 0.60082 0.60082 = 0.60083 0.60087 = 0.60088 §=—:0.60088 = 0.60093 0.60093 0.60093 
0.60122 060123 0.60124 6.60130 060130 0.60131 0.60135 0.60136 0.60136 0.60141 0.60141 0.60141 
O.60173 0.60174 = C.60174 0.60180 0.60181 60181 0.60185 F186 = O.60136 © 0.60191 60191 0.60192 
0.60226 0.60226 0.60227 = 9.60233 0.60233 0.60233 «(0.60237 0.60238 = :0.60238 §=-0,60243 «= 0.60243 0.60244. 
0.60281 = 0.60281 0.60282 0.60287 = 0.60287 = 0.60288 = 0.60292 0.60292 0.601292 0.60297 0.60297 0.60298 
0.60338 0.60338 0.60343 0.60344 0.60344 0,60348 + 0.60348 0.60348 0.60353 0.60353 0.60353 
0.60397 0.60397 0.60402 0.60402 0.60402 (0.60405 0.60406 9 0.60406 = 0.60410 0.60410 0.60411 
0.60458 = 0.60458 0.60461 0.60461 0.60462 0.60465 0.60465 0.60455 0.60469 0.60469 0.60469 
0.60520 0.60521 0.60523 0.60523 0.60523. 0.60525. 0.60525 (0.60525. 0.60529 = 0.60529 0.60529 
4 0.60585 0.60585 0.60585 0.60585 0.60586 0.60587 —-0.60587 0.60589 0.60589 ~=—-0.60590 
0.60650 0.60648 0.60648 & 0.60648 = 0.60649 0.60649 1.60650 0.60650 OF 0 
0.60716 0.60712 — 0,60712 0.60711 O.60711 0.60711 060711 0.40711 0.60711 
0,60783 0.60782» 0.60776 = 060776) 0.60775 0.60773) -0,60773, 0.60773 0.60772) 0.60772 0.60772 
— 0.60851 0.60850 0.60849 = 0.60839 «= 0.60829 = 0.60838 = 0.60834 = 0,60834 «8.60834 0.60831 0.60831 0.60831 
0.60919 0.60917 0.60916 0.60902 0.60901 (0.60801 0.60894 = G.60804 0.60893 U.60889 0.60889 0.60888 
0.60984 —-0,60982 0,60963 0.60963 0,60962 0.60952 0.60952 0.60951 Q.60944 = 0.60944 = 0,60943 
0.51049 061047 6.61023 O.61022 OAHI02Zi O61008 O6i007 O.61006 060995 0.60995 0,60995 


ssumed values of Rep are used in this table. These may induce an error greater (han 0.01 percent for line sizes less than 4 inches with #ratios greater 
than 0.60. ‘This table was developed for informational purposes only and is specitic to the following conditions: 2) = 


AL Gi, = 0.05 d= U.UUWEY; & = 1.3; 
P, = 14.73; and T, = 519.67°R. 
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lable 3-B-4—Oritice Slope Factor: & From Equations in 3-B.6 


BRatic 


Rey — 0,20 0,22 0.24 0.26 0.28 0.30 .3Z 0,34 0.36 U,38 0.40 042 044 0.46 


o 


9,020 6.00270 0.00294 0,00320 0.00348 0.00379 0.00413 1.00450 0.00492 0.00539 0.00591 0.00650 0.00716 0.00790 0.00873 
0.030 U.U0Z05 0.00224 0,00244 0,00266 0.00291 0,00318 1.00348 0,00382 0,00420 0.00463 0.00511 0.00565 0.00626 0.00604 
0.040 0.00168 0.00184 6.00201 0.00220 0.00241 0.00264 0.00291 0.00320 0.00353 0.00390 0.00432 4,00480 0,00533 0.00593 
0.050 0.00145 0.00159 0.00174 0,00190 0.00209 0.00230 0.00253 0.00279 0.00309 0.00342 0.00380 9.00423 0.00471 0.00525 


0.060 9.00128 0.00140 0.00154 0.00169 0.00186 0.00205 0.00226 0.00250 0.00277 0.00308 0.00343 0,00383 0.00427 0.00477 
0,070 0.00115 0.00127 0.00139 0 8 0.00254 9.00352 0,00393 0.00440 
6.086 6.00105 O.0011G 6.60128 i 0.00235 Ox 0.00327 0.00366 0.00410 
0.090 0.00097 0.00107 0,00118 0.00130 0.00144 0.00159 0.00177 0.00197 0.00219 0.00245 0.00274 1.00307 NNAIda NaNIRE 
9.100 0.00091 0.00100 0.00110 0,00122 0.00135 0.00149 0.00166 0.00185 0.00206 0.00231 0.00259 0.00290 0.00326 0.00366 


0.150 0.00069 0.00076 0.00085 0.00094 0.00105 0.00117 0.00130 0.00146 9.00164 0.00185 0.00208 0.00235 0.00265 0.00299 
0.200 0.00057 0.00063 0.00070 0.00078 0.00088 0.0009 0.00110 0.00124 0.00140 0.00158 0.00179 6,00203 0.00230 0.00260 
0.250 0.00049 0.00055 0.00061 9.00068 0.00077 0.00086 O.C0G97 0.00116 6.00124 0.00141 O.00T60 6.00181 6.00208 0.00233 
9.300 0.00044 0.00049 0,00054 0.00061 0.00069 0.00077 0,00087 0.00099 0.00112 0.00128 0.00145 6.00166 0.00188 0.00214 
0.350 0.00039 0.00044 0.00049 0.00055 0.00063 0.00071 0.00080 6.00091 0.00104 0.00118 0.00135 0.00153 0.00175 0.00199 


0.400 0.00036 0.00040 0.00045 0.00051 0.00058 0.00065 0.00074 0,00085 0.00097 0.00110 0.00126 0.00144 0.00164 0.00187 
0.450 0,00033 0.00038 0.00042 0.00048 0.00054 0,00061 0.00070 0.00079 0.00091 0.00104 0.00119 0.00136 0.00155 0.00177 
0.500 0.00031 0.00035 0.00039 0.00045 0.00051 0.00058 0.00066 0.00075 0.00086 0.00098 0.00113 6.00129 @.2014g O.oalEe 
0,600 0.00028 0.00031 0.00035 0.00040 0.00045 0.00032. 0.00059 0.00068 0.00078 0.00090 0.00103 0.00119 0.00136 0.00156 
9.700 0.00025 0.00028 0,00032 0.00036 0.00042 0.00048 0.00055 0.00063 0.00072 0.00083 0.00096 0.00110 0.00127 0.00145 


9.800 0.00023 0.00026 0.00030 0.00034 0.00039 0.00044 0.00051 0.00059 0.00068 0.00078 6.00090 0.00104 0.00119 0.00137 
0,900 0.00021 0.00024 0,00028 0.00031 0.00036 0.00041 0.00048 0.00055 0.00064 0.00074 0.00085 0.00098 0.00113 0.00130 
1.000 0.00020 0.00023 0.00026 0.00030 0.00034 9.00039 0.00045 0.00052 0.00060 0.00070 0.00081 6.00094 0.00108 0.00124 
1.500 0.00015 0,00018 0.00020 6.00023 0.00027 0.00031 0.00036 0.00043 0.00050 d.00USS 0.00067 0.00078 0.00090 0.00104 
2.000 0.00013 0.00015 0.00017 0.00020 0.00023 9.00027 0.00031 0.00037 0.00043 0.00050 0,00059 0.00069 0.00080 0.00092 
2.508 0.0601 GO00IS 0.00015 G.00017 4.00020 0.00024 6.00028 4.00033 0.00039 0.00046 0.00093 G.00U62 0.00072 J.OD0Ra 
0.00012 0.00013 0.00016 0.00019 0.00022 0.00026 0.00030 0.00036 0.00042 0.00049 0.00057 0.00067 0.00078 
0.00011 0.00012 €.00014 6.00017 0.00020 0.00024 0.0028 0.00033 0.00039 0,00046 0.00054 0.00063 0.00073 
0.00010 Q,0001T 6.00013 0.00016 0.00019 0.00022 0.00026 0.00031 0.00037 0.00043 0.00051 0.00059 9.00069 
0.00009 G,00011 6.00013 0.00015 0.00018 0.00021 0.06025 6.00030 0.00035 0.00041 0.00048 0.00057 0.00066 


0.00009 O.00010 6.00012 O.00014 0.00017 9.00020 O.n0024 6.00028 0.00033 6.00033 6.00045 6.00054 6.00063 


0,00008 0.00010 0,00011 0.00013 9.00016 0.00019 0.00023 0.00027 0.00032 0.00038 0.n0044 0.00052 0.00061 
0.00008 0.00009 0.00011 0.00013 0.00015 0.00018 0.00022 0.00026 0,00031 0.00036 0.00043 0.00050 9.00059 
0.00007 0.00009 6.60010 6.00012 0.00015 0.00018 0.00021 0.00025 0.00030 0.00035 0.0004! 0.00049 0.00057 
0.00007 0.00008 0.00010 0.00012 0.00014 0.00017 0.00020 0.00024 0.00029 0.00034 0.00040 0.00047 0.00055 


6.00008 6.00010 0.00011 0.00014 G.00017 G.0n02N O.Nu024 8.yeO2e 0.00033 8.00039 0.00046 0.00084 
0.00008 0.00009 0.00011 0.00013 0.00016 0.00019 0.00023 9.00027 0.00032 0.00038 0.09045 0.00052 
0,00011 0.00013 0.00016 0.00019 ¢.00022 0.00027 0.00031 6.00037 0.00044 0.00051 


9.00013 O.L0015 6.00022 8.00026 9.00031 6.00036 0.00043 6.00056 


0.00012 0.00015 0.00021 0.00025 1.00030 0.00038 0.00042 0,00049 
9.00012 0.00014 0.00017 6.00021 0.00025 0.00029 0.00035 0.00041 0.00048 


0.00007 0.00008 


10,000 0.00005 0.00007 0.00008 


12.000 0.00004 0.00006 0.00008 9,00011 0.00013 0.09016 0.00019 0.00023 0.00027 0.00032 0.00038 4.00045 
15.000 0.00004 0.00006 0.00007 0.00016 0.00012 0.00014 0.00017 0.00021 0.00025 0.00030 0.00035 0.00041 
18.000 0.00003 0.00005 0.00006 0.00009 (0.90011 0.00013 0.00016 6.00819 9.90023 0.00027 a 
21,000 0.00003 0.00005 0.00006 0.00008 0.00010 0.00013 0.00015 0.00018 0.00022 0.00026 0.00031 0.00036 
24,000 0.00003 9.00004 0,00005 0.00008 0.00010 0.00012 0.00014 0.00017 0.00021 0.00025 0.00029 0.00034 
27.000 0.00003 0.00004 0.00005 9.00008 0.00009 0.09011 0.00014 0.00016 0,00020 0.00023 0.00028 0.00033 
30,000 0.00003 0.00004 9.00005 0.00007 0.00009 0.00011 0.00013 0.00016 0.00019 0.09022 0,00027 0.00031 


Note: This table was developed for informational purposes only and is specific to the following conditions: T = 68°F; G, = 0.6; = 0.000069; k = 1.3; P, 
= 14.73; and 7, = 519.67°R, 
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Tablo 3 B 4 


(Continued) 


Ren{ 10° 


BRatio 


0.48 


0.30 


0.52 


O54 


0.56 


0.58 


0.60 


0.62 


0.64 


0.66 


0.70 


0.72 


0.74 


0.020 
1030 
0.040 
0.050 


0.060. 
0.070 
0.080 
0.090 
0.100 


0.150 
0.200 
0.250 
0.300 
0.350 


0.400 


0.450 
0.500 


5.600 
0.70 


O80 
0.900 
1.000 
SOG: 


2.000 


9.500 


10.000 
12.000 
15,000 


18,000 
21.000 


24.000 
27.000 
30.000 


@ 


3.000 
3.500 


0.00966 
0.00770 
0,00659 
0,00586 


0.00533 
0,00492 
0.00460 
0.00434 
0.00411 


0.00337 
0.00294 
0.00265 
0.00243 
0,00227 


0.00213 


0.00202, 
0.00193 
0.00178 


0.00166 


0.00157 
¢,00149 
6.00143 
2.00130: 
6.00107 


0.00097 
¢,00090. 
0.00085 
0.00080 
6.00077 


9.00073 
0.0007 1 
0.00068 
0,00066 
0.00064 
9.00063 


0.00060 
0.00038 
6.60057 
0.00056 
1.00082 
0.00048 


0.00045 
@.a0042 


9.00040 
0.00038 
0.00037 


0.04069 
0. OORS6 
0.00734 
0.00654 


0.00596. 
0.00551 
0,00515 
0.00486 
0.00462 


0.00386 
0,00332 
0,00300 
0.00276 
0,00258 


9.00243 


6.00230 
0.00220 
6.00203 


9.00190 


O.N01RO 
0.00171 
ONN1A4 
0.00138. 
9.00123 


O.001L2 
0.00104 


0,00073 


0.00089 
0.00068 


0.00066 


0.00065 
0.00061 
0,00056 


9.00052 
0.00049 


0.00047 
0.00045 
0.00043 


0.01184 
0.00051 
0.00818 
0.00729 


0.00665, 
0,00616 
0.00577 
0.00545 
0.00518 


6.00428 
0.00375 
0.00339 
0.00313 
0.00292 


0.00276 


0.00262 
0.00250 
6.06231 


0.00217 


1.00205 
0.00195 
0.00187 
8.00158. 
0,00141 


0.00129 
0.00120 
0.00113 
0.00107 
0.00102 


noe 


0,00084 
0.00080 
0.00078 


6.00077 


0.00075 
onan 
0.00064 


0.010060 
0.00057 


0.00054 
0.00052 
0.00050 


0.01312 
01056 
0,00910 
0.00813 


0.00743 
0.00689 
0.00645. 
0.00611 
0.00581 


0.00482, 
0.00423 
0,00383 
0.00354 
0,00331 


0.00312 


0.00297 
0.00284 
6.00263, 


0.00247 


1.00233, 
0.00222 
0.00213 


0.01453 
O07 
0.01013 
0.00906 


0.00829 
0.00770 
0.00723 
6.00684 
0.00631 


0.00541 
0.00476 
0.00432 
U.00309 
0.00373 
0.00353 
0.00336 
6.00321 
6.00298 
0.00280, 


0.00265 
0.00252 
0.00242 
ODOR KE 
0.00184 


0.00168 
0.00157 
0.00148 
0.00140 
0.00134 


0.00129 


0.00075 


0.00072 
0.00069 
0.00066 


0.01609 
0.01307. 
0.01126 
0.01009 


0.00925 
0,00859 
0.00807 
0.00764 
0.00728 


0.00607 
0.00535 
0.00486 
0.00440 
0.00421 
0.00398 


0.00379 
0,00363 


0.00337 


0.00316 
1.00300 
0.00286 
0.60274 
6.00233 


10209 


6.00191 
0.00178 


0.00142 
0.00137 
0.00133 
0,001 29 


0.00126 


0.00120 
0.00118 
6.00115 
0.00113 
00106 
0.00097 
0.00091 


6.00086 


0.00082, 
0,00078 
0.00076 


0.01782 
1.1444 
0.01252 
0.01123 


0.01030 
0,00958 
0.00901 
0,00853 
0.00813 


0,00679 
0.00600 
0.00545 
0.00505 
0,00473 
O8Aa. 
0.00427 
0.00409 


6.00380 


0.00357 


0.10338 
0.00323 
0.00310 
00264. 


0,90008 


0.00093 
0.00089 
0.00086 


0.01972 
ane 
0.01389 
0.01248 


0.0145 
0.01066 
0.01003 
0.00951 
0.00907 


0.007359 
0.00671 
0.00611 
U.V0S66 
0.00531 


9.00503 


0.00480 
0.00460 
6.08427 


0.00402 


1.00381 
0.00364 
0.09349 
DOngO8: 
0,00267 


0.00245 
0,00229 


O01 


0.00106 
0,00102 
0.00098. 


0.02181 
001774 
0.01541 
0.01385 


01272 
0.01186 
0.01116 
0.01059 
0.01010 


0,00847 
0.00750. 
0,00683 
0.00633, 
0.00595 


0.00563 


0.00537 
0.00515 
6.00479 


0.00451 


1.00428, 
0.00409 
0.00392 
‘000345: 


0.00199 
0,00193 
0.00188 


OGLE 


0.00120 
0.00115 
0.00111 


0.02409 
01969, 
0.04706 
0.01536 


4.01412 
0.01316 
0.01239 
0.01176 
0.01123 


0.00943, 
0.00836 
0.00762 
U.0UTU7 
0.00664 


9.00620 


0.00601 
0.00576 


6.00536 


9.00505 


0.00479 
0.00458 
0.0390 
OO03TS 


0.00337 


0.00310 
0.00290 
0.00274 
0.00260 
0.00249 


0.00240 
0.00231 
0.00224 
0.00218 
0.00212 
0.00206 


0.00197 
9,00193 
Ot0iRo 
0.00186 
aon74a 
0.00160 
0.00150 


0.00142 


6.00135, 
0,00130 
0,00125 


0.02659 
O.02168 
0.01887 
0.01700 


0.01564 
0.01459 
0.01374 
0.01305 
0.01246 


0.01048 
0,00930 
0.00848 
0.00788 
0.00741 


0.00702 


0.00670 
0.00643 
0.00599 


0.00564 


0.00535, 
0.00512 
6.00491 
Oat. 


0.00378 


6.00347 
6.00325 
0.00307 
6.00292 
6.00279 


0,00269 
6.00260 
00251 
6.00244 
0.00238 


0.00232 
6.00221 
9.00217 
0.00213 
0.00200 
4.00195 
0.00180 
0.00169 


6.00159 


0.00152 
0.00146. 
0.00140 


0.02932 
0.02393 
0.02085 
0.01879 


0.01729 
0.01614 
0.01522 
0.01445 
0.01381 


0.01163 
0.01032 
0.00942 
0.00876 
0.00824 


9.00781 


0.00746, 
0.00716 
6.00667 


0.00628 


0.00597 
0.00570 
ODN 
oonarg 


9.00422 


0,00383 


8.00179 


0,00170 
0.00163 
0.00157 


0.03229 
0.02633 
0.02300 
9.02074 


0.01910 
0.01783 
0.01682 
0.01598 
0.01527 


0.01287 
0.01144 
0.01045 
0.00971 
0.00914 


9.00867 


0.00828 
0.00795 


0.00741 


0.00608, 


0.00663, 
0.00634 
0.00609 


2.00523 


0.00470 
0.00432 


6.00189 


0.00190 
0.00182 
0.00175 


0.03552 
0.02904 
0.02533 
0.02286 


0.02106. 
0.01967 
0.01855 
0.01763 
0.01686 


0.01422 
0.01265 
O.0L156 
0.01075 
0.01012 


0.00960 


0.00917 
0.00881 


6.00821 


0.00774 


0.00736 
0.00703 
0.00676 


0.00581 


0.00522 
0.00480 


0.00349 
0.00339 
0.00330 


0.00322 
0.00307 
0.00301 
0.00295, 
0.00290 
0.00271 
0.00251 
0.00235 


6.80202 


0.00212 
9.00203 
0.00195 


Note: This tahle was developed For informational purpases only and is specific ta the [allowing conditions: T, = 68°F. G, = 16 j= NONNNKO; F = 13: B, 


= 14,73; and 7, = 519.67°R. 
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44 CHAPTER 14—iNATURAL Gas FLUIDS MEASUREMENT 


Table 3-B-5— Canversion of Agp/10* to Q,/1000 (Q, in Thousands uf Gubiu Feel per Hour): 
Q,/1000 = Re/1000D/28, 2425 


GUITQQ0 = Reps OQ0OL28 243! 


Nominal Pipe Diameter 
2 Inches 3 Inches 4 Inches 

Rep/L0e 1.687 1.939 2.067 2.300 2.624 2.900 3.068 3,152 3,438 3.826 4,026 
0.020 12 14 Ls 16 19 21 22 22 24 27 29 
0,030 18 21 22 24 28 3.1 3.3 3.3 3.2 Al 43 
0.040 24 La 29 3.3 37 41 43 45 49 54 5.7 
0.050 3.0 34 37 4.1 46 51 5A 56 6.1 68 aa 
0.060 3.6 4 Ad 49 5.6 6.2 6.5 67 Va 8.1 BG 
0.070 AQ Ag 5.1 57 65 72 76 78 8.5 95 10.0 
0.080 4B 3.5 BEd 6.5 VA 8.2 87 89 97 10.8 id 
0,090 5.4 6.2 66 14 a4 9.2. 9.8 10.0 11.0 12,2 12.8 
0.100 6.0 6.9 73 BL 9,3 103 10.9 11.2 2,2 13.5 14,3 
0,150 9.0 10.3 11.0 12.2 13.9 15.4 16.3 16.7 18.3 20,3 2L4 
0,200 11.9 14,7 146 16.4 18.6, 20.5 27 23 24.3 27.1 28.5 
6.250 14.9 nz 18.3 20.4 23.2 237 ana Zig 30.4 335 35.6 
0.300 17.9 20.6 22.0 24.4 27.9 30.8 32.6 33.5 36.5 40.6 42.8 
0.350 20.9 24.0 3.6 28.5, 32.5 35.9 38.0 391 42.6 474 49.9 
0.400 23.9 215 29.3 32.6 37.2 4.1 43.5 446 48.7 542 57.0 
0.450 26.9 30.9 32.9 36.6 41.8 46.2 48.9 30.2 54.8 61.0 64.1 
0.500 29,0 34.2 36.6 40.9 46S $1.2 54.3 35.8 60.8 oF TL. 
0.600 35.8 41.2 43.9 48.9 35.7 616 65,2 670 73.0 81.3 85.5 
0.700 ALB 48.1 31.2 57.0 65.0 19 76.0 78.1 85.2 94.8 99.8 
0.800 478 54.9 58.5 65.1 743 82,1 86.9 89.3 91.4 108 114 
0,900 53.8 61,8 65.9 73.3 83.6, 92.4 97.8 400 110 122, 128 
1.6000 59.7 68.7 BD 814 92.9 103 109 112 122 135 143 
1.500 89.6 103 110 122 139 154 163 167 183 203 214 
2.000 M9 137 146 163 186 205 217 223 243 271 285 
2.500 149 172 183 204 232, 257 272 219 304 339 356 
3,000 179 206 220 244, 279 308 326 335 365 406 428 
3.500 209 240 256 285 325 359 380 391 426 474 499 
4.000 239 275 293 326 372 411 435 446 487 542 570 
4,500 269 309 329 366 418 462, 489 502 548 610 641 
3.000 299 343 365 407 465 313 543 558 609 rT 713 
5.500 329 378 403 448 stl 565 597 614 6x 745 784 
6.000 SR 412 439 48a 559 616 652 670 730 813 $55 
6.500 388 446 476 529 604 667 706 725 791 381 927 
7.000 418 481 312 570 650 at) 760 71 852, 948 998 
7.500 448 51s 549 61L 697 719 815 237 313 1,016 1,069 
8.000 478 549 585 651 743 821 869 893 974 1,084 1,140 
8.500 508 584 622 692 790 873 923 949 1,035 L151 1,212, 
8.000 538 618 659 733 836 924 978 1,004 1,096 i2id 1,283 
9,500 567 652 695 TH 883 975 1,032 1,060 L156 L287 1,354 


10.000 597 687 TB? 814 929 1,027 1,686 1,116 1217 1,355 1,428 


Note: This table was developed for informational purposes only and is specific to the following conditions: 7, = 68°F; G, = 0.6; jt = 0.000069 & = 1.3; Py 
= 14,73; and 7, = S19.67R, 


Copyright por American Petroleum Institute 
Sat Nov 03 21:51:56 2001 


APL HPMS*L4. 3.3 92 MM 0732290 050369 lic 


) 


SECTION 3—ConceNTRIC, Sauare-EoGep ORIFICE METERS, PART 3—NATURAL GAS APPLICATIONS 45 
Table 3-B-S— Gurtinued 
Nominal Pipe Diameter 
6 Inches g LQ Inches 

Repf1o 4,897 5.187 5.761 6,065 7.625 7981 8.071 9,582 10.020 10.036 

35 a7 41 43 34 5.7 537 6.8 FL Tl 

5.2 5.5 6.1 64 8.1 8.5 ERG 10.2 10.6 10.7 

6.9 13 8.2 8.6 10.8 IL.3 iL4 35 14.2 M2 

a7 92 10.2 10.7 13.5 14.1 14.3 16.9 17.7 78 

10.4 10 12.2. 129 162. 17.0 17.1 20.3 213 213 

lat ho 14.3 15.0 18.9 19.8 20.0 23,7 24.8 24.9 

13.9 147 16.3 Vt ZLOG 22.0 229 Zid 28.4 284 

15.6 16.5 18.4 19.3 24.3 25,4 25.7 30.5 3L9 32.0 

17.3 184 20.4 215 27.0 28.3 28.6 339 35.5 35.5 

9.150 26.0 27,5 30.6 32.2 40.5 4 42,9 50.8 53.2 53.3 

0.200 347 36.7 40.8 429 56.5 S12 617 10 nl 

0.250 433 45.9 51.0 53.7 70.6 7L4 84.6 88.7 88.8 
0.300 52.0 55.1 612 AA RAR 85.7 102 106 107 
0.350 60.7 643 Th 2 7 98.9 160 118 124 124 
0.400 69.4 735 8L6 85.9 108 3 114 135 142 142 
0.450 78.0 82.6 918 96.6 121 127 129 15: 160 160 
0,500 86.7 918 102 107 135 141 143 169 177 178 
0,600 104 110 122 129 162 170 171 203 213 213 
0,700 121 129 143 [30 189 198 200 237 248 249 
0.800 139 147 163 172 216 226 229 271 284 284 
6.906 i56 165 i84 153 243 254 257 305 319 320 
1.000 73 184 204 215 270 283 286 339 355 355 
1.500 260 275 306 322 405 424 429 508 532 533 
A08 429 540 565 572 qi7 710 wel 
S10 537 675 706 714 846 887 888. 
3.000 520 S51 12 644 B10 843 857 1,016, $064 1066. 
3.500 607 643, 714 152. 945 989 1,000 1,185 4,242 1,244 
4.000 694 738 B16 859 1,080 1,130 1,143 1,354 1,419 (421 
4.506 780, 826 918 966 1,215 1772 1,286 i,524 1,596 i599 
5.000 867 918 £,020 1,074 1,350. L413 1,429 1,693 1,774 L777 
5.500 O54 1,010 1,122, 1,181 1,485 L554 1,572 1,862 1,951 1,954 
6.000 1,040 1,102 1,224 1,288 1,620 1,695 1,715 2,031 2,129 2,132 
6.500 1,127 1,194 1,326 1,396 L755 1837 1,857 2,201 2,306 2,310 
7.000 1214 1,286 1428 1,503 1,890 1978 2,800 2370 2,483 2,487 
1,300 Lay7 1,530 1,611 2,025 2,119 2,143 2,539 2,661 2,665 
1,387 1469 1,632 L718 2,160 2.261 2,286 2.708 2,838 2,843 
1474 1,561 1,734 1,825 2,295 2,402 2,429 2,878 3,016 3,020 
1,560 1,653 1,836 1,933 2,430 2,543 2,512 3,047 3,193 3,198 
1,647 1,745 1,938 2,040 2,565 2,685 2S 3,216 3,370 4,376 
1,734 1,837 2,040 2147 2,700 2.826 2,858 3,386 3.548 3,553 


= 14.73; and T, = 519.67°R, 


See ees (Semele RoR RS nec PS Sel nips Cnet ccm Se 9 Gees ES ESE ES SEES rn ea eS REE a DE EE Se ee 
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Table 3-B-5— Gonlinued 


Nominel Pipe Diameter 


20 Inches 24 Inches Wilaches 


12 Inches hes 


RepfiO 11.374 11,938 12.090 14.688 «15,000 15.250 8.812 19,000 19,250 22,624 23,000 23.250 28.750 29.000 29.250 


0,150 60.4 634 64.2 78.0 37 810 99.9 101 L0z 120 122 123 153 154 155 


0.200 80.5 845 85.6 to4 106 108 133 135 136 160 163 165 204 205 207 
0.2350 101 106 107 130 133 135 le? 168 170 200 204 200 254 257 259 
0.300 124 127 128 156 159 162 200 202 204 240 244 247 305 308 3 
0,350 iL 148 150 183 186 189 233, 235 239 280 285 288 356 359 362 
0,400 161 169 171 208 212 216 266 269 273 3200-326 329 407, 41d 414 
U.4a IBLE IAD 193 E34 2 245 SU SUS Sur 300 366 si 438 462 466 
0,500 201 aL 214 260 266 270 333 336 341 401 407 Ala 509 513 518 


312 319 324 400 404 409 481 489 A494 611 616 621 
364 372 378 466 47t 477 561 570 S576 713 719 723 


416 425 432 533 538 345 G4) 651 659 814 824 829 
468 478 486, 599 605 613 Jat 7330 741 932, 
520 Sal 540 666 672 682 801 Bld 823 
780 97 810 999 £009 1,022 1,202 1,222 1,235 


0.600 242 254 
0.700 282 296 
0.800 322 338 
0,900 362 380 
403 423 
10 604 634 


1,553 


2000 805 845 1,040 1,062 1,080 1,332 1,345 1,363 1,602 1,629 1646 2071 
2.500 1,007 1,037 1,300 1,328 1,350 1,665 1,682 1,704 2,003 2,036 2,058 2,589 
3.000 1,208 1,268 1,560 1,593 1,620 1,998 2018 2,045 2403 2443 2.470 3,107 
3.500 1.409 1.479 7 1,820 1,859 1890 2,331 2355 2.386 2.804 2850 2881 3.625 
4,000 1,611 1,691 1712 2,080 2124 2,160 2,664 = 2,691 2,726 3,204 3,257 3,293 4,143 


4,500 1812 1,902 1926 2,340 2390 2430 = 2,997 3,027 3,067 3.605 3,665 3,704 4.581 4.621 4,660 
5.000 2,014 2,413 2,140 3,600 2,655 2,70 3,330 3,364 3,408 «4,005 «4,072 4,116 95,000 5,134 5,178 
$500 2.215 2,225 2,354 2,860 2,921 2.970 3,663 3,700 3,749 4406 4479 4528 5,599 5,647 5,696 
6.000 2416 2,536 2,568 3,120 3,187 3,240 3,996 4,036 4,089 4,806 4,886 4,939 6,108 6161 6,214 
6.500 2,618 2,747 2,782 3,380 3,452 3,510 4,329 4373 4430 $07 5,203 5351 6,617 6,674 6,732 
7000 2819 2,959 2,996 3,640 A718 3,780 4662 4,709 4771 5,607 5,700 5,762 7,126 7,188 7,249 


7,767 


780. SR bR0) “A9e. SeaIG. boo. 408d js 4566. 5:45" -SSilde “Glock. 6168 
Tisbs Bane) BAI ASBiG. 3800, 3,088: “dosh sApoG. -Sodsh ssatdo “eine: Gide. eNO “7645! 7701 
8.000 3,222 3,381 34254160 4,249 4,320 5,329 5,382 5,453 64086515 6586 8143 8214 8,285 
8500 3423 3,593 3,639 4420 4,514 4,590 5,662, 5,718 5,793 6,809 6,922 6997 8,652 8,728 8,803 
9.000 3,624 3,804 «3,853 4,680,780 4,860 5,995 6,055 G34 7,209 7,329 7409 9,161 9241 9,321 
9,500 3,826 4,015 4,007 4,940 5,045 5,130 632863916475 7,610 7,736 7,820 9,670 9,754 9,839 
10.000 4,027 4,227 4,281 5,201 SRL 5,399 6,661 6,727 6816 8,010 8,143 8,232 10,170 10,268 10,356 
12.000 4,833 5,072 5,137 6.241 6,373 6,479 7,993 8073 8179 9,612 9,772 9878 12,215 (2,321 12,428 
15.000 6,041 6,340 6,421 7,801 7,966 8,099 9,991 10,091 10224 12,016 12,215 12348 15,269 15,402 15,535 


9000 72497608 7,705 361,860,719 1408D D109 19.268 144d 14652 1481s 19.923 18499 12,622 


21.000 8,457 8,876 8,989 10,921 11,153 11,339 13,987 14,127 14,313 16,822 17,101 17,287 21,377 21,563 21,748 


24.000 9,665 10,144 10,274 12,481 12,746 = 12,959 15,986 16,145 16,358 19,225 19,544 19,757 24,430 24,643 24,855 
27,000 10,873 11412 11,558 14,041 14,340 14,579 17,984 = 18,164 18,403 21,628 21,987 22,226 27,484 27,723 27,962 
30.000 12,081 12,680 12,842 15,602 15,933 16,198 19,082 20,182 20,447 24,031 24,430 24,606 30,538 30,804 31,069 


Noto; This table was doveloped for informational purposes only and is specific to the following conditions: T, = 68°F, GC, = 0.6; 42 = 0.000069; & = 1.3; P, 
= 14.73; and T, = 519,67°R, 
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Table 3-B-6—Expansion Factors for Flange Taps {4}: Static Pressure Taken From Upstream Taps 


B= dD 

blBy Ol 0.2 0.3 o4 OAS 0.50 0.52 0.54 0.56 0.58 0.60 0.61 0.62 
09 ‘ogo 1.weaa 1.000 1.0000 1.0000 1.0000 11,0000 
Gd 0.9989 © 0,989 0.9989 0.9988 0.9988 0.9987 0.9987 
02 0.9977 0.9977 0.9977 0.9976 0.9975 0.9975 
03 0.9966 0.9965 0.9966. 0.9965 0.9963 0.9962 
04 0.9954 0.9954 0.9954 0.9953 0.9951 
0s 0.9943 0.9943 0.9943 0.9941 6.9938 
06 0.9932 0.9932 0.9931 0.9929 0.9926 
07 0.9920 0.9920 0,9920 0.9918 0.9914 
us yyy 0.9909 0.9908 0.9906 0.9901 
09 0.9898 0.9897 0.9897 0.9894 0.9889 
10 0.9886 0.9886 (0.9885 0.9882 0.9877 0.9873 
11 0.9875 0.9875 0.9874 0.9870 0.9864 0.9860 
12 0.9863 0.9863 0.9862 0.9859 
13 0.9852 6.9852 0.9851 0.9847 
14 -0,9841 (0.9840 0.9840 0.9835 
is 0.9829 0.9829 0,928 0.9823 
16 0.9818 (0.9818 0.9817 o98it 
17 0.9806 0.9806 0.9805 0.9800 
iB 0.39795 5795 0.9794 03788 
19 0.9784 (0.9783 0.9782 09776 


2.0 09712 0.9772 0.9771 


24 0.9761 0.9761 0,9759 
22 0.9750 0.9749 0.9748 


09764 0.9760 


09753 0.9748 
09741 0.9736 


— 9738) 0.9736 09729 0.9724 
0.9727 0.9725 09717 0.9712 
0.9715 0.9713 09705 = 0.9700 


26 0.9704 0.9704 0.9702 
27 0.9693 0.9692 0.9691 
2.8 0.9681 0.9681 0.9679 
29 08670 0.9669 = 0.9668 
30 0.9658 0.9658 90,9656 


3.1 0.0647 0.9647 0,9645 
3.2 09636 0.9635 0.9633 
33 0.9624 0.9624 0.9622 
34 0.9613 0.9612 0.9610 
35 0.9602 0.9601 0.9599 
3.6 05590 = 6.9595 6.9587 
37 09579 09578 0.9576 
38 09567 0.9567 0.9564 
ay 0.9556 0.9555 0.9553 
4D 0.9545 0.9544 0.9542. 


09694 0.9688 
09682 0.9676 
0.9670 0.9664 = 0.9661 0.8658 
09658 0.9652 0.9649 —0,9646 
09647 0.9640 0.9637 (0.9634 


09635 0.9628 = 0.9625 -0,9622 
0.9623 0.9616 0.9613 0.9609 
O96li 0.9604 = 0.9601 0.9597 
0.9599 0.9592 0.9589 0.9585 
09588 0.9580 0.9577 0.9573 


05376 «90.5568 6.9565 0.9560 
09564 0.9556 0.9553 0.9548 
09552 0.9544 0.9540 0.9536 
09540 0.9532 0.9528 0.9524 
0.9529 0.9520 0.9516 0.9512 


O935i 0.9545 
0.9538 0.9532 
0.9526 0.9520 
09513 0.9507 
O.9501 0.9494 


SF SSN ee a Kea ae Kn em Om CESS Oc Cn) Enc DR RE REST RES SS CANES 
Nh 
nh 

SS A SY SES SEE SE SE ESE FRET SEI EEE ERE ER PR ER PY ES GY EN EY A 


Copyright por American Petroleum Institute 
Sat Nov 03 21:51:59 2001 


API MPMS*L4.3-3 42 MM 07392290 0503899 42) i 


48 Crapten 14—Naturat Gas Fiuios MEASUREMENT 
Table 3-B-6— Continued 
B= did 
ydP, 0.63 0.64 0.65 0.66 0.67 0.68 0.69 0.70 O71 0,72 0,73 O74 0.75 

0.0 team nna 1 TopMM Lan TannOnAne ton nanan anno 1.pnoN Lane 
OL 0,9987 0,9987 0,9987 0.9987 0.9987 0.9987 0.9986 0.9986 0.9986 0.9986 0.9986 0.9986 0.9986 
0.2 0.9974 0,9974 00,9974 0.9974 = 0.9973 0.9973 0.9973. 0.9973 (09972 (09972 0,9972 0.9971 0.9971 
03 0.9961 0.9961 0.9961 0.9960 0.9960 6.9960 = 0.9959 0.9959, 0.9958 0,9958 0.9958 = 0.9957 (0.9957 
04 0.9948 0.9948 09948 0.9947 0.9947 0.9946 0.9946 09945 0.9945 0.9944 06,9943 09943 0.9942 
0.5 0.9935 0.9935 0.9934 0.9934 0.9933 0.9933 0.9932 0.9931 0.9931 0.9930 0.9929 0,9929 0.9928 
0,6 09523 -0,9922, 0.9921 = 0.9921 0.9920 0.9919 9918 = 0.9918 = 0.9917 09916 = 9915 0.8914 0.9913 
wr O,YYRD ugyuy U.99U8 UY9UT U.YSUs O96 UII 0.9904 0.9903 0.9902 U.9901 0.9900 0.9899 
O08 09897 0.9896 | 0.9895 0,9894 0989S 98929891 = O.DB9D FRB OBES US —UYBKG UU 
09 0.9884 0.9883 0.9882 0.9881 0.9880 0.9879 0.9878 0.9877 0.9875 0.9874 0.9873 0.9871 0.9870 
Lo 0.9871 0.9870 0.9869 0.9868 0.9867 0.9855 0.9864 0.9863 0.9861 0.9860 0,9859 0.9857 0.9855 
1d 0.9858 0.9857 0.9856 = 0.9854 0.9853 0.9852 0.9851 0.9849 0.9848 0.9846 = 0.98d4 0.9843 0.9841 
12. 0.9845 60.9844 = 0.9843, D841 = 0.9840 0.9838 §=— 0.9837 0.9835 0.9834 = 0.9832 0.9830 = 0.9828 = 0.9826. 
i3 6.9832 6.5831 O.5829 (0.9828 = 6.9827 = 0.9825 0.5823) G822 8.5820 OBR 8.9816 = OO8i4 = O8i2 
14 0.9819 0.9818 = 0.9816 = 0.9815 0.9813 0.9812 0.9810 0.9808 = 0.9806 (0.9804 = 0.9802 0.9800 §=—:0.9798. 
Ls 0.9806 60.9805 0.9803, 0.9802 0.9800) 0.9798 = 0.9796 = 0.9794 0.9792 0,9790 0.9788 = 0.9786 = 0.9783 
16 0.9793 0.9792 0.9790 0.9788 0.9787 0.9785 0.9783 0.9781 0.9778 0.9776 0.9774 0.9771 0.9769 
17 0.9780 0.9779 O.9777 = 0.9775 (0.9773, 9771 = 0.9769 «= 09767 = 0.9764 = 0.9762) 0.8760) 0.9757 0.9754 
18 0.9768 09766 «-O.9764 6.9762 «6.9760 «0.9758 §= 0.9755 09753) 69751 = 8748 0.5745 0.9743 0.9740 
19 0.9755 00,9753. -0,9751 0.9749 0.9747 0.9744 (0.9742 (0.9739 0.9737 0.9734 0.9731 0.9728 0.9725 
20 0.9742 0.9740 0.9738 0.9735 0.9733 0.9731 0.9728 0.9726 0.9723 0.9720 O9717 09714 0.9711 
ah 0.9729 0.9727 0.9725 0.9720 0.9717 OO715 0.9712 0.9709 0.9706 0,9703 0.9700 0,9696 
22 0.9716 09714 O9711 0.9706 0.9704 «09701 0.9698 0.9695 0.9692 0.9689 = 0.9685 (0.9682. 
23 13 0.9608 0; 3: ‘O.0600 ‘o.0688 O.O685 i 0675 ‘QOSTL. ‘D968? 
24 0.9690 0.9685 0.9680 0.9677 0.9671 0.9668 0.9664 0.9661 0.9657 0.9653 
25 0.9677 0.9672 09669 09666 09663 0.9657 0.9654 = 0.9650 0.9646 = 0.9643 (0.9639 
26 0.9664 0.9659 0.9656 0.9653 0.9630 0.9647 0.9643 0.9640 0.9636 = 0.9632 0.9628 00,9624 
27 Q.9651 0.9646 0.9643 0.9640 0.9637 0.9630 0.9626 0.9622 0.9618 0.9614 0.9610 
2.8 0.9638 0.9633 0.9630 0.9626 0.9623 0.9616 0.9612 0.9608 0.9604 0.9600 0.9595 
2.9 0.9625 0.9620 9616 0.9613 0,9610 0.9602 0.9598 0.9594 0.9590 0.9585 0.9581 
3.0 0.9613 0.9606 0.9603 0.9600 0.9596 0.9588 0.9584 0,9580 0.9576 0.9571 0.9566 
3.1 0.2600 0.9593, 0.9590 09586 0.9583 Q957S 9571 0.9566 0.9562 0.9557 0.9552 
3.2 0.9587 0.9380 0.9577 0.9573 0.9569 0.9561 0.9557 0.9552 0.9547 0.9542 O.9537 
33 0.9574 0.9567 0.9564 0.9560 0.9556 0.9547 0.9543 0.9538 0.9533 0,9528 0.9525 
3.4 0.9561 0.9554 0.9550 0.9546 «0.9542 0.9534 0.9529 0.9524 0.9519 0.9514 0.9508 
35 0.9548 0.9541 0.9533 0.9529 0.9520 0.9515 0.9510 0.9505 0.9500 0.9494 
3.6 6.9528 3 0.9306 

37 0.9515 0.9511 10,9506 0,9502 0.9492 0.9487 0.9482 0.9477 0.9471 0.9465 
38 0.9502 0.9497, 0.9493 0.9488 0.9479 0.9474 0.9468 0.9463 0.9457 0.9451. 
39 0.9496 0.9492 0.9488 0.9484 0.9480 0.9475 0.9465 0.9460 0.9454 0.9448 0.9442 0.9436 
AO 0.9483 0.9479 9475 O94TE = 0.9465) =—0,9462. 0.9451 «0.9446 = 0.9440 0.9434 0.9428 0.9422 
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Table 3-B-7—F,, Faciors Used to Change From a Table 3-B-8—F,, Factors Used 10 Ghange Fram a 
Pressure Base of 14.73 Pounds Force per Square Temperature Base of 60°F to Other 
Inch Absolute to Other Pressure Bases Temperature Bases 
E 14.73 Base °F + 459.67 
2 ep pearsgr seeeeeaeer PERE PS E, = ———_——_ 
Contract pressure base, psia 60 + 459.67 
Pressure Base Temperature ‘Temperature 
{pounds force per square inch absolute) Fy CF) Fy CE) Fo 

14.4 1.0229 40 0.9615 65 

1.0141 4l 0.9634 66 

1,0055 42 0.9654 67 

1.0023 a 0.9673 68 

1.9020 44 0.9692 69 

1.0003 45 O.971L 10 

1,0000 46 0.9731 n 

0.9997 47 0.9750 mn 

0.9970 48 0.9769 B 

0.9886 49 0,9788 4 

orogos 59 0.9808 18 

0.9723 51 0.9827 6 

0,9675 52 0.9846 a) 

6.9643 53 0.9865 B 

0.9612 54 0,9885 19 

0.9565 55 0.9904 80 

0.9488 56 0.9923 a 

0.9412 57 0.9942 82 

0.9338 58 0.9962 93 

0.9264 39 0.9981 34 

0.9192 6 1.0000 85 

0.9121 6L 1.0019 86 

0.9051 4 1.0038 87 

0.8982 63 1.0058 88 

64 99 

od 


| 
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Table 3-B-9 —F, Factors Used to Change From a Flowing 
Temperature of 60°F to Actual Flowing Temperature 


fe - [60+ 459.67 


"AG 
‘Temperature ‘Temperature ‘Temperature 
(BR) Ry RF) Fy (CF) Fy 
~20 1.0872 7 1,0229 94 0.9688 
-19 1,0859 38 1.0219 95 0.9679 
-18 1,084°7 39 1,0208 96 0.9671 
“17 1.0835 40 1.0198 9 0.8662 
~16 1.0823 41 1.0188 98 0.9653 
~15 1.0810 42 1.0178 99 0.9645 
~l4 1.0798 43 LOL68 100 0.9636 
-13 1.0786 44 1.0158 101 0.9627 
12 LOTTA 45 1.0148 102 0.9019 
-l1 1.0762 46 1.0137 103 09410 
10 1.0750 47 1.0127 104 0.9602 
“9 1.0738 48 LOU7 105 0.9593 
8 1.0726 49 1.0108 106 0.9585 
7 1.0715 50 1.0098 107 0.9576 
6 1.0703 51 1.0089 108 0.9568 
5 1.0691 52 1.0078 109 
-4 1.0679 53 1.0068 110 
3 1 S s4 1.0052 it 
2 1.0656 55 1.0048 112, 
-1 1.0644 56 1.0039 113 
o 1.0633 SF 1.0029 ii4 G95i8 
1 1.0621 58 1.0019 LS 0.9509 
2 1.0610 59 1.0010 16 0.9501 
eh 1.0598 ap 1.0000 U7 0.9493 
4 1.0587 al 0,9990 Hg 0.9485 
5 1.0575 62 0.9981 119 0.9477 
6 LO564 63 0,9971 120 0.9468 
7 1.0553 64 0.9962 121 0.9460 
8 1.0541 6s 0.9952 122 0.9452 
9 1,0530 66 0.9943 123 0.9444 
10 10519 67 0.9933 124 0.9436 
I 10508 68 9.9974 ps 0.9428 
12 1.0497 69 0.9915 126 0.9420 
13 1.0485 70 0.9905 127 0.9412 
“4 1.0474 7 0.9896 128 0.9404 
15 1.0463 72 0.9887 129 0.9396 
16 1.0452 73 0.9877 130 0.9388 
7 1.0441 74 90,9868 i3t 0.9380 
18 1,0430 7 0.9859 132 0.9372 
19 1.0419 1% 0.9850 133 0.9364 
20 1.0409 WW 0.9840 (34 0.9356 
21 1.0398 7 0.9831 135 0.9348 
22 1.0387 79 0.9822, 136 0.9340 
23 1,0376 80 0.9813 137 0.9332 
24 1.0365 al 0.9804 138 0.9325 
25 10355 82 0.9795 139 0.9317 
26 10344 83 0.9786 140 0.9309 
27 £0333 84 0.9777 141 0.9301 
2g 1.0393 9s 0.9768 149 0.9904 
29 1,0312, 86 0.9759 143 0,9286 
30 1,0302 8? 0.9750 144 0.9278 
31 Loo) Rd OPAL BAS O07) 
32 1.0281 89 0.9732 146 9.9263 
33 1.0270 oO 0.9723 147 0.9255 
ce 1.0260 aL 0.97i4 148 6.9248 
35 1.0250 92 0.9706 149 6.9240 
36 1.0239 93 0.9697 150 0.9232 


} 
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Table 3-B-10—F,, Factors Used to Adjust for Real Gas Relative Density (G): 


Base Conditions of 60°F and 14.73 Pounds Force per Square Inch Absolute 


0,005 0,006 0,007 0,009 


1.3423 L341 L399 


1.3375 


19304 4.4993 £3985 
1.3304 1.3252 1.3286 


1.3188 L3176 1.3165 
1.3074 1.3063 1.3052, 
1.2904 1.2953 L842 
1.2856 1.2846 1.2835, 


1.3142 
1.3030 
1.2921 
1.2814 


12706 


1.2609 


1.0970 1.0963 
1.0904 1.0898 


1.0840 1.6834 


1.0777 1.0771 
1.0715 1.0700 
1.0654 1,0648 
1.0594 1.0588 
1.0535 1.0529 
1.0477 1.0471 
1.0420 1.0414 
1.0364 1.0358 
1.0309 1.0303 
1.0254 1.0249 
1.0201 1.096 
1.0148 1.0143 
L.WUY6 LU LOUK 1.0081 
1.0045 1.0040 1.0035 1.0030 
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Table 3-B-11—Supercompressibility Factors (F,,,) for 
G, = 0.6 Without Nitrogen or Carbon Dioxide 


‘Temperature CF) 


Pressure 

(psia) 20 40 60 80 100 120 
100 1,00947 1.00867 1,00687 1.00504 1.00496 1.00419 
200 1.02058 1.01762 1.01512 1.04204 1.01116 1,00958 
300 1.03218 1.02748 £02355 192022 £01740 1.01497 
400 1.04427 1.03764. 1.03216 1,92756 1.02367 1.02035 
500 1,05688 1,04810 1,04093 1.03497 1.02996 1.02572 
600 0 105884 (04983 1.04243 103625 1.03104 
700 1.08560 1.08983, 1.05885 1.04990 1.04251 1.0363 
300 1.09766 1.08103 1.06793 1.05737 104871 1.04149 
900 1,11209 1,09237 1.07703 1.06479 1.05482 1.04656 
1600 1,12679 1.10375 1.08608 £07211 1.06081 1.03150 
1100 1,14156 1.11508 1.09501 1,07927 1.06663 1.05628 
1200 1.15616 1.12621 110372 1.08622 1.07225 1.06087 
1300 1,17029 1.13696 1,09289 1.07763 1.05524 
1400 1.18352 1.14715 1.00923 1.02271 

1300 1,19565 1,15637 110512 1.08745 

1600 1.20615 1.16504 1.11054 1.09180 

i700 L2148t LAP2a7 L154 109573 

1800 122146 1.17845 111965 1.09919 1.08267 
1900 1,22606 1.18318 1.12324 1.10216 1.08509 

2000 1.22868 1.18635 1.12615 1.10462 1.08710 


Note: The data In this table were generated using the A.G.A. Gas Measurement Program. Copyright © 1988 
American Gas Association, All rights reserved. Gas input data arc as follows: % CO, = 0; % Ny = 0; specific 
gravity = 0.6. This table was developed for informational purposes only and is specific to the gas quality listed. 
The data in this table are n0¢ subject to adjustment for nitrogen or carbon dioxide content and, because of their 
broad range, should not be interpolated. With the A.G.A Program, the user establishes the gas composition 
parameters and specifies the table range that is consistent with field or measurement conditions, 
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3-C.1 General 


This appendix presents two methods for calculating the volume flow rate of natural gas 


through an orifice meter 


quioned with fanze tans. The first method uses the eouations pre. 
through an orifice mete: 


quipped with flange taps. The first method uses the equations pro- 
sented in 3.3 through 3.5. The second method is based on the more traditional calculation 
format, which involves the computation of various factors. The equations used for the factor 
approach are presented in Appendix 3-B, 

‘To assist the user in interpreting the calculation methodology, the data set given below, 
which is for a single orifice meter, is used consistently throughout the flow calculation ex- 
amples. The volume flow tate is computed under the assumption that the measurements are 
absolute and without error. It should be noted that depending on the type of instrumentation 
used and the calibration methods employed, calibration and correction factors may need to 
be applied. For simplicity in using hand catculations and for ease of interpretation in the 
following examples, intermediate values are rounded to six significant digits. Part 4 should 
be used for any implementation of the equations. 


2 9) fier Mata 
v-&.2 Ulven Vala 
The orifice meter consists of a carbon steel meter tube equipped with flange taps and a 


Type 304 stainless steel orifice plate. Static pressure measurements are taken from the up- 
steam fap, 


d, = mean orifice bore diameter at J, of 68°F, in inches 
= 4,000 


D, = mean meter tube internal diameter at T, of 68°F, in inches 
= 8.071. 
G, = real gas relative density (specific gravity) 
= 0.570. 
A, = average differential pressure, in inches of water at 60°F 
= 50.0. 
= contract base pressure, in pounds force per square inch absolute 
14.65. 
average upstream absolute static pressure, in pounds force per square inch absolute 
= 370.0. 


Z, = contract base temperature of SO°F, in degrees Rankine (50°F + 459,67) 


= 509.67, 
F = flowing iemperaiuie of 65°F, in degrees Rankine (65°F + 459.67) 
= 524.67. 
$525 parban dinsile mareenida Gale desceet 
xe = carbon dioxide content, in mole percent 


= isentropic exponent (7/7) 
= 13. 
@, = linear coefficient of thermal expansion for a stainless steel orifice plate, in inches 
per inch-°F 
= 0,00000925, 
@, = linear coefficient of thermal expansion for a carbon steel meter tube, in inches per 
inch-°F 
= 0,00000620, 
H# = dynamic viscosity, in pounds mass per foot-second 
= 0.0000069. 
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3-C.3 Calculation Examples 


3-C.3.1| METHOD 1: VOLUME FLOW RATE CALCULATION BASED ON 
3.3 THROUGH 3.5 


3-C.3.1.1 General 


Using the given data set, the volume flow rate of natural gas, in cubic feet per hour at 
standard conditions, can be calculated using Equation 3-6b: 


LE My 
G 


y ZT. 
y SR ty 


Q, = 1109.61C(FT)E,¥ a? (3-6b) 


Note: Since the given data contain valucs for the contract base pressure (14.65 pounds force per square inch ab- 
solute) end tomporaturc (S0°P) that differ from the values established in Part 3 as standard conditions (14.73 
pounds force per square inch absolute and 60°F), the initial calculated flow rele at standard conditions will require 
conversion to the flow rate at base conditions of 14.65 pounds force per square inch absolute and 50°F. 


The systematic approach to solving the volume flow rate equation above involves the cal- 
enlation of the intermediate values descrihed 3-C.3.1.2 through 3-€.3.1.7, 


3-C€.3.1.2 Flange—Tapped Orifice Meter Coefficient of Discharge [C,(FT)] 


The following equations are used to calculate the coefficient of discharge, C,(FT): 


é 6a \7 
C,(FT) = C,(FT) + o.consii{ 22°2. + (0.0210 + 0.0049A)B*C (3-11) 
CFT) = C,(CT) + Tap Term (3-12) 
CACT) = 0.5961 + 0.029187 — 0.22908" + 0.0031 - BM, (3-13) 
G 1 
an Tarm = Unotem + Desirm (%.1A) 
Tap Term = Upstrm + Dastrm (3-14) 
Upsirm = [0.0433 + 0.0712e °°" — 0.1145e °°] — 0.23A)B (3-15) 
Dnstrm = -0.0116[M, — 0.52M/"]B"(1 — 0.14A) G-16) 
Also, 
4 
p-—4 G-17) 
1- pf 
f D \ 
M, = vanas 28 -= 0) (3-18) 
Ny 
2b - 
M, = if (3-19) 
os 
A= 19,0008 (3-20) 
Rep J 
(10° Y" 
cz 21 
(Re, ) oo 
Where: 


CAFT) = coofficicnt of discharge at a specified pipe Reynolds number for a flange- 
tapped orifice meter. 

C(CT) = coefficient of discharge at an infinite pipe Reynolds number for corner- 
tapped orifice meter, 

C,FT) = coefficient of discharge at an infinite pipe Reynolds number for a flange- 
tapped orifice meter, : 
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d — orifice plate bore diameter coloulated at %, in inches, 
meter tube internal diameter calculated at 7, in inches. 
e = Napierian constant 
= 2,71828, 

L, 
dimensionless correction for tap location 

= N,/D for flange taps. 

N, = 1.0 when D is in inches. 
Rey = pipe Reynolds number. 
B = diameter ratio 

= d/D, 

Note: For this example, M, is equal to 0.0, since the given meter tube diameter (D) is greater than or equal to 2.8 


inches, For meter tube diameters (D) less than 2.8 inches, M, = 2.8 - D, The solution of the intermediate cqua~ 
tions presented above for the flow coefficient calculation follows. 


S 


3-C.3.1.3 Meter Tube Diameter, Orifice Plate Bore Diameter, and 
Diameter Ratio (D, a, and §) 
Calculate the values of d, D, and # at a flowing temperature of 65°F from the given di- 
ameters d, and D,: 


d= dil+ ah - 7 
4,000{1 + 0.00000925(524.67 — 527.67)] 
3,99989 


3.9) 


i=] 
t 


= DIl+ a, - Tl (3-10) 
8.071[1 + 0.00000620(524.67 — 527.67)] 
8.07085 


n 


Substitute the given values of d and D at 65°F into Equation 3-8: 
B = d/D @G-8) 


0.495597 


3-C.3.1.4 Velocity of Approach Factor (£,) 
The following equation is used to calculate the velocity of approach factor: 


E, = 7 (3-22) 
1 


fl — 0.495597! 


1.03160 


3-C.3.1.5 Expansion Factor (Y) 


The following equation is used to calculate the expansion factor: 


fe 


y= 1- (41+ 0.3sp*) 7] (3-32) 


The intermediate value, x,, is calculated as follows: 


& 
a 
fT 
i a a a] ee es i re ls is ase ie) me se ogee i es i= ge eT 


ce ert Se me ats oa) | fet is a) 
vou 
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-& 
a= “4.4 = (3-33) 

Gs ; 

Substitute the given values of 4,, and P, into Equation 3-32: 

x = 
= 0,00487729 
Substitute the values for &, x,, and f into Equation 3-32: 

Y= 1- 41+ 0.35 8( +) (3-32) 


L = [0.41 + 0,35(0.495597)*] 


ce 


0,998383 


3-C.3.1.6 Compressibility (Z,, Z,, and ee 


The derivation of the equation for 


Measurement Committee Report No. 8, Itis not within the scope of this example ¢o present 


the calculation procedures necessary for determining the compressibility at base conditions 
the calculation procedures neces: for determining the compressibility at base conditions 


(4), standard conditions (Z,), orflowiog conditions (Z,,). The following values for gas com- 
d from the A.G,, 


program that uses the calculation given i in A. G. A. Transmiss 
Report No. 8. At G, = 0.57, 


Z, = 0.997839 at 14.65 pounds force per square inch absolute and 509.67°R (50°F) 
, = 0.997971 at 14.73 pounds force per square inch absolute and 519.67°R (60°R) 
0.951308 at 370 pounds force per square inch absolute and 524.67°R (65°F) 


NN 
‘is 


3-C.3.1.7 Reynolds Number (Fe,) 
The following equation is used to calculate the pipe Reynolds number: 


Rey = U.0L vasa QE : (3-28) 
(u0nZ,, d 
Substituting the calculated value for D, standard conditions for P, and 7,, a value of 
0.999590 for Z,,,,, and the data set values for G, and #1 in Equation 3-28 produce the follow- 
ing: 
Re, = (0.114541) ,,(14,73)(0,570) ‘ 
tz (0000069)(8,07085)(519.67)(0.999590) J 


= 3.324. 


When the flow rate is not known, the Reynolds number can be developed by assuming an 
initial value for the flange-tapped orifice meter coefficient of discharge, C,(FT), and iterat- 
ing for the correct values, us stated in 3.4.5, The following flow rate calculation provides 
the initial iteration of the Reynolds number. This initial iteration is based on an assumed 
value for C,(FT) of 0.60. Based on experience, from three to five iterations should provide 
resulis consisieni with the requiremenis of Part 4. 


2023249 Vol 
3-O.3.1,5 vouine 


and OY 
w Rate (Q, and @,} 


The volume flow rate can be calculated by substituting the given parameters, the inter- 
mediate calculated values, and an assumed value of 0.60 for C,(FT) in Equation 3-6b and 
iterating for the final solution: 
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= 7709.61(0.60)(L.03160)(0.998383 (3.99989) 
x (370.0)(0.997971)(50. 0) 
(0,951308)(0,570)(524.67) 
= 614,033 cubic feet per hour at standard conditions 


[This is an estimate of the initial flow rate based on an assumed C,(FT) of 0.60.) 
Substitute the estimate of initial flow rate into the Reynoids number equation and caicu- 
latc the estimated initial Reynolds number: 
Re, = 3.324490, 
3.32449(614,033) 
2,041,347 (initial estimate of Reynolds number) 


tl 
fe} 


Ca hatiies tha calelotad vale of Aleta Ta ctinn 917 
Substitute the calculated value of fl into Equation 3-17: 
4 
a-—# i G17) 
1-8 
_ 0.495597" 
1— 0.495597" 
= 0,0649005 


Substitute the calculated values of Band D into Equation 3-19: 
aL, 
1-8 


M, = 3-19) 


2 
.07085(1 — 0.495597) 
0.491284 


Substitute the calculated values of Re, and § into Equation 3-20: 


08 


[ 4£9,000(0.495597) ] 
| 2,041,347 
= 0.0135261 
Substitute the calculated value of Re, into Equation 3-21: 
108 


Re | 
\ Rep J 


f_ 108 


(9,041,347 ) 


= 0.778985 
= 0.778985 


c 


(3-21) 


Substitute the appropriate calculated values into Equation 3-13 to determine the C(CT) 
term of the coefficient of discharge, Cy(FT): 


CACT) = 0.5961 + 0.02918? — 0.22906 + 0.0030 — B)M, 3-13) 
0.5961 + 0.0291(0.495597)? — 0.2290(0.495597)* 

+ 0,003(I~ 0.495597)(0.0) 

0.602414 


oT] 


W 


| 
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Substitute the applicable calculated values into Equation 3-15 to compute the Upsirm 


term of the: cocfficient of discharge, CFT): 


Upsirm = [0.0433 + 0.07126 % — 0.1145¢° J — 0.234)B — G-15) 


= [0.0433 + 0.07126 — 0.11456 “Hn 
X [1 ~ 0.23¢0,0135269)]0.0642005) 


0.000851774 


Substitute the applicable calculated values into Equation 3-16 tc compute the Dastrm 
term of the coefficient of discharge, C,(FT): 


Il 


Dasirm = -O.ON6[M, ~ 0.57.M@EP TAM — 0.144) G-16) 
~ 0.04 16[0.491284 — 0.52(0.491284)'"](0. 495597)" 

x [lL — 0.14(0,0134223)] 

= —0,00149777 


Substitute the annlicable caleulated values 
Substitute the applicable calculated values into Equi: 


of the coefficient of discharge, C,(FT): 

Tap Term = Upstrm + Dnstrm G-14) 
0000851774 + €0.00149777) 
—0.000645999 


I 


! Subsiitute the applicable caicutaied vaiues inio Equation 3-13 io compuie ihe C,(FT) 


term of the coefficient of discharge, C,(FT): 


CAFT) = CACT) + Tap Term (3-12) 
= 0.602414 — 0.000645999 
= 0.601768 


Substitute the value for C(FT) and the intermediate values into Equation 3-11 to caleu- 
late the discharge coofficient, C,(FT): 


6a \lt > 
CFT) + o.coost 12:8.) + (0.0210 + 0,0049A)B'C G-11) 
2, 


\ 8p 7 
[10°¢0.495597) |" 

| 2,041,347 | 

+ [0.0210 + 0,0049(0,0135261)](0.495597)' (0.778985) 
0.602947 (second estimate of the coefficient of discharge) 


C, (FT) 


t] 


0.601768 + 0.000511 


a 


By substituting the value of C,(FT) into the applicable equations, the volume flow rate 
can be recalculated following the same process outlined in this example. The resulting vol- 
ume flow rate vatue is as follows: 


O, = 617,049 cubic feet per hour at standard conditions 
[based on C, (FT) = 0.602947] 


And 
Re, = 3.324490, = 3,32449(617,049) 
= 2,051,373 (second estimate of Reynolds number) 


Resulting in 
C,(FT) = 0.602944 (third estimate of coefficient of discharge) 
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) 


} 


ee es 


Following the same calculation procedure for iteration of How rate, the resulting volu- 


ime Flow rate te ae fi 
i 


etcic ow rate is as follows: 


Q, = 617,046 cubic feet per hour at standard conditions 
[based on C, (FT) = 0.602944] 


~ 
& 
It 


= 3.324499, = 3,32449(617,046) 
2,051,363 (third estimate of Reynolds number) 


fl 


C,(FT) = 0.602944 (fourth estimate of coefficient of discharge) 


The volume flow rate calculation based on the fourth estimate of C,(FT) follows. As 
stated above, three ates of C,(RT) should normally provide volume flow rate calcula- 


tated abo of CAPT) de volume flow rate calcula. 


tion results that are consistent with the requirements of Part 4, 


OQ, = 617,046 cubic feet per hour at standard conditions 
[based on C,(FT) = 0,602944] 


Since the given data contain values for the base pressure (14.65 pounds force per square 
inch absolute) and temperature (50°F) that differ from the values established in Part 3 as 
standard conditions (14.73 pounds force per square inch absolute and 60°F), the initial cal- 
culated flow rate is the standard volume flow rate. ‘lo calculate the flow rate at the given 
base conditions (PF, = 14.65 pounds force per square inch absolute and T, = 509.67°R), 
the standard volume flow rate and the appropriate values for P T, and Z are substituted into 
Equation 3-7 as follows: 


(pV 2nVz,) 
a ee, th 2 G7) 
~ enon 2 oe 


iT) 


608,396 cubic feet per hour at base conditions 


3-C.3.2. METHOD 2: VOLUME FLOW RATE CALCULATION BASED ON 
THE FACTOR APPROACH PRESENTED IN APPENDIX 3-B 


3-C.3.2.1 General 


in cubic feet per hour at stan- 


tated in Appendix 3-B: 


Q, = RCE + ROYEAA RE ae (3-B-2) 


Since the given data contain values for the base pressure (14.65 pounds force per square 
inch absolute) and temperature (50°F) that differ from the values established in Part 3 as 
standard conditions (14.73 pounds force per square inch absolute and 60°F), the initial cal- 
culated flow rate requires conversion to the flow rate at base conditions of 14,65 pounds 
force per square inch absolute and 60°F, 

The systematic approach to solving Equation 3-B-2 involves calculation of the individual 
factors as shown in 3-C,3,2.2 through 3-C.3.2,10, 


3-C.3.2.2 Numeric Conversion Factor (F) 


Equation 3-B-5b is used to calculate the numeric conversion factor; 


E = 338.196E,D?6” (3-B-5h) 


| 
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Where 
aos od 3.22) 
"f= Bt 


Calculate the value of d, D, and Bat a flowing temperature of 65°F from the given diam- 


eters d. and D: 


d@dsdit+ ad, - Ti (3-9) 
= 4,000[1 + 0.00000925(524.67 — 527.67)] 
= 3.99989 
And 
D= Dil + am - FI G-10) 
= 8.071[1 + 0.00000620(524.67 — 527.67)] 
= 8.07085 
B= d/p 8) 
= 3.99989 /8.07085 
= 0.493597 
Substitute the values for 8 and D into Equation 3-B-S: 
FE = 338.1968 D°p? GB-5) 


1 a 
338.196 -—— Dp’ 
yi- g 


338,196. (8,07085)° (0.495597) 
jl — (0.495597) 


5381.82 


I 


3-C.3.2.3 Flange—Tapped Orifice Meter Coefficient of Discharge [C,(FT)] 


The following equation is used to calculate the cocfficient of discharge; 


6(ET) = E+ £, B-B-6) 
Where: 
Z = 0.5961 + 0.02916? ~ 0.22908" 
+ (0.0433 + 0.07126 — O.11456% jt -0 os{ 12.0008)" ] £ 
sv aenne—caee| en ae) 


— 0.01 fe bclti. ~ eg 8 pal = o.ta{ 19.0008 7" | G-B-7) 
| Dd - 8B) (pd-B)) |" | Re J 


1,000,000 


f 
E = ons 


19,0008 Y* | ,4f 1,000,0008 )" 
+ Jom + 0.0 : | pee) G-B-9) 
ep Ep 
Re, 0. oussaf 2.EG, (3-28) 
oe 28G_ : 
UDEZ,, 
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) 


) 


ee ee 


(3-17) 


3-19) 


(3-20) 


(3-21) 


Note: In this example, since the given meter tube diameter (2) is greater than 2.8 inches, Equation 3-B-7 is used 
socalculate the £ term. For meter tube diameters (D) less than 2.8 inches, Equation 3-B-8 must be used to caleu- 
late the F, term. The solution of the intermediate equations presented above for the flow coefficient calculation fol- 


Jows, 


Ss 


(0.495597)* 
~ 1 = (0.495597)* 


= 0,0642005 
2 _ 2 
Pa — 8) 8.078850 — 9.495597) 
DG — By 8.070850 — 0.495597) 
= 0.491284 


using Equation 32 23. te that the parameters of fthis exe 


when the flow rate is not known, a more precise value for th the Reynolds 
termined through iteration of Equation 3-28 and that three to five i iterations will sivide Tes 
sults that are consistent with the requirements of Part 4. The initial assumption needed for 
the first iteration can come from assuming a value for C,(FT) as in the previous example or 
from assuming an initial Reynolds number for the pipe Reynolds number. Table 3-B-1, Ap- 
pendix 3-B, provides values for pipe Reynolds numbers versus nominal pipe diameters for 
the purpose of initiating the iteration process, This example uses Table 3-B-1 for the initial 
estimate of pipe Reynolds number, 


\ Rey J ~ 2,000,000 | 
= 0.013740 
( 10° y 10° 0.35 
(Re) \2,000,000,) 
= 0.784584 


Substitute the appropriate calculated values into Equation 3-B-7 to determine the orifice 
calculation factor, F: 


| 
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& = 0.59614 0.02918" — 0.229088 


OR 4 
+ (0.0433 + 0.07126% — 0.11458% yt -0. aa 12s 20008 | } B 
| (Re) | 


| fog WILT {19 8 


| [ ; 
006 aos) | linamas Cae" 


= 0.5961 + 0.0291(0.495597)? — 


fa 942 ant 
+ (0.0433 + 0.07126 


~ 0,0116[0.491284 — 0.52(0.491284)]4 0.495597)" ie — 0,14(0.0137493)] 
0.601767 


- 6. 


tl 


Subsiiiuie ihe applicable calculated values into Equation 3-B-9 to compute the orifice 
slope factor, Fy 


F = 0. iat 


en 


BY") af {(1,000,000p \" 


+ le 0210 + 0.4 


aes aan 3-R-9) 
L a 2] Re) 
(1,000. ay N07 
= 0.000511 1,000, 000(0, 4955972) | 
2,000,000 
+ [0.0210 + 0.0049(0.0137493)|0.495597)*(0.784584) 
= 0.00118960 


Substitute the values for K and F in Equation 3-B-6 to calculate the discharge 


ient, C,TT}: 


C(FT) = B+ &, 


© st 
= 0.601767 + 0,00118960 
= 0,602957 


3-G.3.2.4 Expansion Factor (¥,) 


The following equation is used to calculate the expansion factor: 


nat x \ 
¥o= 1- (0.414 0.358")| + 3-32) 
f ( B x % ] G-32) 
‘The intermediate value, x, is calculated as follows: 
P- & h 
x = ATA ee _ (3-33) 
a 27.707 fy 
Substitute the given values of h, and A, into Equation 3-33: 
50.0 


y= 
1 97.707(370.0) 


= 0.00497729 


Substitute the values for k, x,, and # into Equation 3-32: 
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¥=1- ©4140 asaty( 1) (3-32) 
ie) 
«an at ga nein aqeagyta 0-00487729 \ 
S lm [U4L + U.SU.499909 7} 43 


= 0.998383 


3-G.3.2.5 Compressibility (Z,, Z., and Z,) 
‘The derivation of the compressibility equation is presented in, A.G.A. Transmission Mea- 


inple to present the 
procedures necessary for calculating the compressibility at base conditions (Z,), standard. 
conditions (Z,), or flowing conditions Z,,). The following values for gas compressibility at 
the given conditions were obtained from the A.G.A, computer program, using the A.G.A. 

ion Measurement Committee Repart No. 8 calet 


this 
surement Committee Report No. 8. [tis not within the scope of this ¢: 


‘Tran: 


Z, = 0.997839 at 14.65 pounds force per square inch absolute and 509.67°R (50°F) 
Z, = 0.997971 at 14.73 pounds force per square inch absolute and 519.67°R (60°F) 


- ‘ akeainte and S24.67°R (SST 
951308 at 370 pounds force per squz 


oh 
ich absolute and 524.67°R (G65°R) 


aN 
u 
¢ 


‘Tho base pressure factor is calculated using Equation 3-B-10 as follows: 


14.73 
Ey = G-B-10) 


In this example, 4, has been calculated for a base pressure of 14.73 pounds force per 
square inch absolute, instead of 14.65 pounds force per square inch absolute as in the given 
data, and a base volume at the given base conditions has been calculated after the standard 
volume was determined. This procedure was necessary because of the use of the base com- 
pressibility of ait (Z,,,,) of 0.999590 at 14.73 pounds force per square inch absolute and. 
60°F in the development of the numerical constant 338.196 in the F, factor (see Appendix 
3-G). 


2 
=e 
o 
s 
ay 
woo 
i 
a 
e 
6 
a 
s 
B 
= 
3 
s 
s 
8 
B 
6 
g 
3 
SS 
2 
8 
ae 
a 
g 


B= (3-B-11) 


5 
3 


In this example, Fi, has been calculated for a base temperature of 519.67°R (60°F) in- 
stead of 509,67°R(SO0°F) as in the given data, and a base volume at the given base condi- 
tions has been calculated after the standard volume was determined. This procedure was 
necessary because of the use of the base compressibility of air (Z,,,) of 0.999590 at 14.73 
pounds force per square inch absolute and 60°F in the development of the numerical con- 
stant 338. 196 in the F, factor (see Appendix 3-G). 


rr a ae 
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3—C.3.2.8 Flowlng Tomporature Faotor (Fj) 


‘The flowing temperature factor is caicuiated using Equation 3-B-12 as follows: 
R= 519.67 (-B-12) 
fi { T 


Subsiiuie the given fiowing temperature, Th into Equation 3-5 


519.67 


i 
q 


= [ste.67 
524.67 
0.995224 


i 


tl 


3-€.3.2.9 Real Gas Relative Density Factor (F,) 


Equation 3-B-13 is used to calculate the real gas relative density factor. 
a 


di G-B-13) 
é 


Substitute the given specific gravity, G.. into Equation 3-B-13: 


3-C.3.2.10 Supercompressibility Factor (F,) 


As stated in the calculations in 3-C.3.1, the derivation of the equation for compressibility 
is presented in A.G.A, Transmission Measurement Committee Report No, 8. It is not within 
the scope of this example to present the procedures necessary for calculating the compress- 


ibility af standard conditions (Z,} or at Howing conditions (Z,} 
nditions (Z,) or at Howing conditions (Z;,). 


= 0.997971 
a = 0.951308 


Equation 3-B-14 is used to calculate the supercompressibility factor: 


[ee 


va 
\ 


Vo.9s1308 


= 1.02423 


The volume flow rate is calculated by substituting the given parameters and the interme- 
diate calculated factors into Equation 3-B-2: 


= A+ OY EAA | Bh, 
= 617,057 


(3-B-2) 
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ee 


oo 


The calculated flow rate above is based on an initial assuniel valus Cur die Reynolds 
number (Rep) of 2,000,000, For the i 
lows: 


econd the value of Re, is calculated as fol- 


a 
& 
l 


( 2.26, ) 
y ipnases Mts =| 


3.324490, 

3.32449(617, 057) 

2,051,400 (second iteration) 

By substituting the second estimate of Rep into the applicable equations, the volume flow 


rate can be recalculated by following the process outlined in 3-C.3.1. ‘Ihe resulting volume 
flow rate is as follows: 


Q, = 617,013 (based on the second estimate of Ren) 
The same calculation procedures are used to obtain the third estimate of Rep: 
Re, = 3.324499, 
3,32449(617,013) 
2,051,254 (third iteration) 


The volume flow rate calculation based on the third estimate of Re, follows. As stated 
above, three to five estimates of Re, will provide calculation results that are consistent with 
the requirements of Part 4. 


0, = E(B + EQVE, REF | BA, 
(5581.82)(0.601767 + 0.00117736)(0.998383)(1.00000)(1.00000) 
X (0.995224)(1,32453)(1.02423),/ (37 


(50.0) 
= 617,044 cubic feet per hour 


1 


W 


Note: The calculated volume flow rate is based on the third estimate of Rep. The small discrepancy between the 
calculated volume flow rate, O,, in Methads | and 2. results from the rounding techniques used in the series of 
equations in the examples. 


Since the given data included values for the base pressure (14.65 pounds force per square 
inch absolute) and temperature (50°F) that differed from the values established in Part 3 for 
standard conditions (14.73 pounds force per square inch absolute and 60°F), #1 
culated flow rate is the standard volume flow rate, To calculate the flow rate at base condi- 
tions (P, = 14,65 pounds force per square inch absolute and J, = 509.67°R), the standard 


volume flow rate and the appropriate values for PT, and Z ate substituted into Equation 3- 


7 as follows: 
LEY 2) oD 


617,014{ 502-67 Vf 14.73 V/ 0.997839) 
‘(19,67 14.65 A 0.997971) 
608.394 cubic feet per hour at base conditions 


al. 


Q = 


l 
iS 


Il 
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3-D.1 Symbols, Units, and Terminology 
3-D.1.1 GENERAL 
Some of the symbols listed in 3-D.1.2 are specific to this appendix, Unless otherwise 


noted, all of these symbols are dimensionless. Symbols that are used in this appendix but 
not listed in 3-D.1.2 are defined in 3.2.2. 


3-D.1.2 SYMBOLS AND UNITS 
Symbol - Description Units/Value 
C’ Orifice flow constant _ 
¥, Basic orifice factor sy 
K, Coefficient of discharge when Reynolds number = (1,000,000d)/15 — 
K, Coefficient of discharge for infinite Reynolds number _ 


Pp Specific weighi of a gas ai 14.7 pounds force per square inch 
absolute and 32°F ibm/ft? 
3-D.2 Scope 


3-D.2.1 INTRODUCTION 


Recent research work on orifice measurement has been restricted to flange, comer, and 


radius tap meters. It is recognized that a number of “pipe tap” meters continue in operation 
in natural gas measurement in the United States. The provisions of the second (1985) edi- 
tion of Chapter 14, Section 3, that are applicable to pipe tap configurations are included in 
this appendix. The dimensional infomation, tolerances, and computation methods in this 
appendix are only applicable ta pipe tap meters. 

This appendix provides recommendations and specifications relating to the measurement 
of natural gas and other related hydrocarbon fluids by means of orifice meters equipped 
with pipe taps. It includes definitions, construction and installation specifications, and in- 
structions for computing flow rate and volume. Also included are equations and tables that 
provide factors necessary ta apply adjustments to the basic pipe tap orifice flow. 

This appendix covers the measurement of natural gas by pipe tap orifice meters, includ- 
ing the primary element and the methods of calculation. It does not cover the equipment 
used to determine the pressure, temperature, specific gravity, and other variances that must 
be known for the accurate measurement of natural gas. 


3-D.2.2 GENERAL 


Unless specifically noted in this appendix, all information and data presented in the body 
of this standard— including recommendations, specifications, and symbols—are applicable 
to pipe tap orifice metering. 


3-D.2.3 TYPE OF METER 


‘This appendix is imited ta orifice meters that have circular orifices located conc: 


in the meter tube, having upstream and downstream pressure taps as specified for pipe taps. 


3-D.2.4 DEFINITION OF PIPE TAP PRESSURE MEASUREMENT 


The definition of pipe tap pressure measurement is. based on the position of the pair of 
tap holes: The upstream tap center is located 2.5 times the inside pipe diameter upstream 
from the nearest plate face, and the downstream tap cenier is located 8 times the inside pipe 
diameter downstream from the nearest plate face (see 3-D.3.4.1). 


fT 


7 2 ae ae 
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3-D.3 Construction and Installation Specifications 
3-D.3.1 BETA RATIO LIMITATIONS OF ORIFICE PLATES 

The ori 
from 0.20 to 0.67 inclusive, These limits, with an uncertainty as high as +0,75 percent, may 
be exceeded when additional flow uncertainty is acceptable. Beta ratios that exceed the 
range from 0.20 to 0.67, with an uncertainty as high as £1.5 percent, may be used; however, 
the flow constants for these extreme values of f are subject to higher tolerances, and the use 
of these extremes should be avoided. 


e-10-meter-tube (pipe) diameter ratio (8 = 42/D) should fall within the range. 


3-D.3.2 METER TUBE SPECIFICATIONS 
3-D.3.2.1 Definition 


The term meter tube refers to the straight upstream pipe of length A or A’ on the instal- 
lation sketches in Part 2 (inc 


lation sketches in Part 2 (inc! 
fittings, and the downstream pipe (length B on the installation sketches in Part 2) beyond 
the orifice. The length of upstream downstream pipe is specified in Part 2. The toler- 
ances for the diameter and the restrictions on the inside surface of the meter tube are 
specified in 3-D.3,2,4. There shall be no pipe connections within these distances other than 
straightening vanes, the thermometer wells specified in Part 2, and the pressure taps 
specified in 3-D.2.4 and Part 2. : 


ina the straishtenina vanes. if used), the o 
ing the stralghtcrans vanes. fused): the: 


ges or 


pes oF 


8-D.3.2.2 Inside Surface 


The sections of pipe to which the orifice flanges or fittings are attached and the adjacent 
pipe sections that constitute the meter tube, as defined in 3-D.3,2.1, shall comply with the 
following: 

a. The rouehn 
a. The roughr 


of th ide pipe walls shall not exceed 300 microinches. Carefully se- 


lected smooth commercial pipe may be used. Seamless pipe or cold drawn seamless pres- 
sure tubing may be used, provided its inside wail is smooth, Drawn-over-mandrel (DOM), 
electric-resistance-welded (ERW), straight-seam tubing manufactured to the requirements 
of ASTM A 513, T-5, may also be used. To improve smoothness inside the meter tube, the 
inside pipe walls may be machined, ground, or coated. 

b. Grooves, scoring, pits, and ridges resulting from seams; distortion caused by welding; 
offsets; and other irregularities (regardless of their size) that affect the inside diameter at the 
points identified in Figure 3-D-1 by more than the tolerances shown are not permitted. 
When these tolerances are exceeded, the irregularities must be corrected, 

c, The interior of the meter tube shall be kept clean and free from accumulations of cont~ 
aminants, such as dirt and liquids, at all times. 


3-0.3.2.35 Meter Tube Diar 


ier 


The mean inside diameter of the meter tube shall be determined as follows: 


a. Measurements shall be made on at least four diameters equally spaced in a plane 1 inch 
upstream from the upstream face of the orifice plate. The mean (arithmetic average) of these 
measurements is defined as the mean meter tube diameter io be used in calculating the flow 
coefficient when minimum uncertainty of this variable is desired. 

b, Check measurements of the upstream inside diameter of the meter tube shall be made at 
two or more additional cross-sections. The actual locations of the check measurements of 
the diameter, circumterentially and axially along the tube, are not specified. These checks 
should be taken at points that will indicate the maximum and minimum diameters that exist 
and shouid cover at ieast two pipe diameters from the face of the orifice piate or extend past 
the flange or fitting weld, whichever distance is greater. Check measurements are used to 
verily the uniformity of the upstream meter tube but do not become a part of the mean me- 
ter tube diameter, 
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Maximun allowable tolerance (5%) 


Figure 3-D-1{—Maximum Percentage Allowable Meter Tube Tolerance 
Versus Beta Ratio 


c. The inside diameter of the downstream section of the meter tube shall be measured in a 
Plane i inch downstream from the downstream face of the orifice piate. Check measure- 
ments of the diameter of the downstream section of the meter tube, similar to those de- 
scribed in Item b above, shall be made at two additional cross-sections. 


3-D.3.2.4 


‘The tolerances for the diameter and the restrictions on the inside surface of the meter tube 
are as follows: 


a. The difference between the maximum measured diameter and the minimum measured 
diameter on the inlet section shall not exceed the tolerance shown in Figure 3-D-I as a per- 
centage of the mean diameter defined in 3-D.3.2.3. The relationship below may be used to 
calculate the variance of the diameter of the upstream section of the meter tube: 


Pea a =; — Minti dianete 
Maximum diameter — Minin diameter 


b. Abrupt changes in diameter (shoulders, offsets, ridges, and so forth) shall not exist in the 
meter tube (see 3-D.3.2.3, Item b). 

c. When Table 3-D-1 is used for flow measurement cstimation, the meter tube diameter, as 
defined in 3-D,3,2.3, shall agree with the inside diameters listed in the tables within the tol- 
erance shown in Figure 3 D 1, 

d. Any diameter measurement in the downstream section shall not vary from the mean di- 
ameter of the meter tube, as detined in 3-D.3,2.3, by more than the tolerance shown in Fig- 
ute 3-D-1, The following relationship may be used to calculate the variance of the diameter 
of the downsiream section of the meter tbe: 


*100 < Percent tolerance in Figure 3-D-1 


|Any diameter — D| 


D x 100 = Percent tolerance in Figure 3-D-1 


Application of this equation doubles the tolerance for the downstream section of the meter 
tube, 
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c, The temperature at which the meter tube measurements are made should be recorded for 
correction to the operating conditions. 
For new installations, in which the beta ratio is likely to be changed, the tolerance per- 
mitted for variations in pipe size, as shown in Figure 3-D-1, should be the same as that 
given for a maximum orifice plate diameter ratio (9) of 0.75. 
3-D.3.2.5 Use of Table 3-D-1 
if Table 3-D-1 is used for fiow estimation, the mean inside diameter of the upstream sec- 
tion of the meter tube should be as nearly the same as the published inside diameter given 
in Tabie 3-D-i as is possibie. The inside diameiers given in the tabie were used to caicuiate 
the constants in the. table. If the mean meter tube diameter differs from the table inside di- 
ameter by an amount greater than the tolerance set fori igure ui 
certainty is desired, the mean meter tube diameter should be used to compute the orifice- 
to-meter-tube diameter ratio, 8, as well as the flow coefficient. Other factors should be cal- 
culated for this exact value of , 
3-D.3.3. LENGTH OF PIPE PRECEDING AND FOLLOWING THE ORIFICE 
The installation skeighes aud accompanying grapls are nei duplicated in ihis appendix 
but are available in Part 2, Figures 2-5 through 2-9. The graphs show the minimum lengths 
noted that when pipe taps are used, lengths A, A’ and C shalt be increased by two nominal 
nine diameters and lensth # shall he increased by eieht nominal nine diameters. he lensths 
pipe diameters and length B shall be increased by eight nominal pipe diameters. ‘The lengths 
of straight pipe should be those required for the maximum beta ratio that may be used. 
3-D.3.4 PRESSURE TAP HOLES 
3-D.3.4.1 Location 
Meter tubes that use pipe taps shall have the center of the upstream tap hole located 2.5 
times the published or actual inside diameter from the upstream face of the orifice plate, 
Table 3-D-1—Basic Orifice Factors (F,) for Pipe Taps (All Dimensions in Inches) 
Published Jaside Diameters at Published Inside Diemeters at Published Inside Diameters at 
Nominal Pipe Size of 2 Inches Nominal Pipe Size of 3 Inches Nominal Pipe Size of 4 Inches 
Orifice 
Dinneter 1.687 1.939 2.067 2,300 2,624 2,900 3.068 3,152 3.438 3,826 4.026 
0.250 12850 12813 12.800 = 12.782 22.765 12.154 12.745 12.737 12,727 12.723 
0.375 20,362 © 29,008 += 20.006 = 98.RB31R.772. 28.711 28.670 28.635 26,599 28.585 
0.500 SR713 “52817 = 52.482 52.020 51,594 51,354 SAA97 F065 50.937 50,887 
0.625 87.237 84.020 84.085 = 82.924 81.802 81.143 80,704 80,334 79.976 79.837 
0.750 132.29 126.87 124.99 122.45 120,08 118.67 117.70 116.87 116,05 115,73 
6.875 192.87 181,02 177.09 171.53 167,26 164,58 162.76 161.17 159.58 158.94 
1,000 2IS.73 251.11 233.30 224.61 219.77 216.55 213.79 211.03 209.92 
1.198 302.50 342.00 E 309.44 203,87 285.49 270.91 269,10 
1.250 466,00 438.00 404.53 -377.50 303.41 330.88 337.06 
1.375 583.98 $24.69 478,89 455,93 418.80 414.51 
1,500 S791 602.86 565.80 549.95 50877 50239 
1.625 755.89 697.45 6OL.BL 
1.750 947.87 856.39 NAAT 
1,875 1,050.4 841.21 
2,000 1,290.7 985.07 
2,195 1,148.4 
2.250 1,334.5 
2.375 1,547.4 
2.500 1,792.3 
2.625 2,076.0 
2,750 2,407.0 
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ad Table 3-D-1— Continued 1 
Published Inside Diameters at Published Inside Diameters at — Published Inside Diameters at Published Inside Diameters at 
Nominal Pipe Sizc of 6 Inches Nominal Pipe Size of 8 Inches Nominal Pipe Size of 10Tuches Nominal Pipe Size ef 12 Inches 
Orifice 2 3 
| Diameter 4.897 5187 5.761 6.065 7.625 7.981 8.0F] = 9.562 10.020 10.136 1.374 1.938 12.090 | 
0,500 50,740 50.707 «50.693 SULB2y a 
0.625 79.438 79.351 79.219 79.164 
0,750 114.81 114.62 114.32 114.20 
0.875 1S7.11 156.72 156.13 155.89 A531) 154.99 154.97 
1.000 206.63 205.92 204.85) 204.41 203.01 202.80 02.76 202.16 
1.125 263,71 262.52 260.72 259.99 257.62 257.28 257.20 256.23 256.01 
1.250 328.73 326.87 324.03 32287 = F910 FIBST «318.44 «= 316.90 316.57 315.51 
1375 402.07 399.32 395.09 393.34 = 387.65 386.81 386.03 © 384.30 © 383.80 382.22 
1,500 AR421 480.26 «474.210 471.70 © 463.40 462.20 461.93 458.53 457.80 455.53 
1.625 S775 S70.19 561.74 = 558.25 546.62 344.93 544,54 539.73 538.70 535.49 
1,750 677.39 669.69 658.09 653.34 «= 637.52 635.20 634.67 28.05 626.63 622.22 
L875 798.00 779.49 763.79 75741 736.36 733.25 732.53 729.63 721.72 715,78 
| 2,000 914.59 900.39 879.40 = 870.95 843.36 839.31 838.37 826.66 824.14 816.32 | 
1,033.4 1,005.6 95880 953.51 95240 937.31 934.04 973.90 
1,179.6 1,143.2 1,083.0 1,076.4 1,074.9 1,055.8 1,051.6 1,038.7 
1.3405 1,293.2 1.2163 1,208.0 1.2061 1,182.3 1,177.0 1,160.8 
18175 14565 1,950.2 19489 149465 1,316.9 1310.5 1,290.3 
17126 91,6344 1512.4 1,490.3 1,406.4 1,460.1 1,452.2 1,427.4 
19281 1,828.3 1,675.4 1,659.7 1,656.1 1,611.8 1,602.3 1,572.2 
2258.6 2166.5 2,040.0 1,849.9 1,990.7 1,826.3 0 17716 1,725.0 
2548.6 2,431.0 2,271.2 2036.1 20127 20074 1942.6 1,885.8 | 
2875.3 2,725.3 2,524.3 2,234.7 2,206.4 2,200.9 2,122.2 2,054.7 
3244.9 3,054.0 2,801.9 2446.6 24125 2404.8 2,311.8 2,232.1 
3,665.7 3,422.4 3,106.9 26726 2631.7 26224 2,511.7 2,418.0 
3837.6 3,443.1 2913.7 PRR 2RSAT 2,792.5 2,612.7 
4308.1 3,814.5 3,171.2 31128 3.0996 2,944.5 2,816.4 
4,226.4 3,446.1 3,376.7 3,361.1 3,178.4 3,029.3 
4,685.0 3,7399 3687.7 36393 3424.6 S2518 
5,197.9 4,054.3 3,957.1 3,935.3 3,683.9 3,633.5 34840 | 
4.7516 4616.7 4,586.7 4,244.2 4,176.9 3,979.1 
5,554.8 3369.1 5,328.1 4,865.6 4,776.3 9 4,517.3 
6485.5 6231.3 6,175.4 5,555.6 5,191.9 5,119.1 5,101.6 
F5N6 72245 7.1488 6,379.1 5,137.9 5,735.6 
8,850.5 8,376.5 8,274.2 7,178.8 6451.7 6423.4 
9724.0 OSRS4 8,135.8 7,208.3 7,169.7 
9,208.8 8,024.4 7979.8 
| 10,418 8,915.6 8,860.0 
41,786 9886.4 9,817.5 
13,344 10,946 10,860 
12,103 11,998 
16,035 13,371 13,242 
14,763 14,605 | 
16,205 16.102 
17,986 17,730 
19,861 19,872 
21,948 (21,594 | 
| The center of the downstream tap hole shall be located eight times the published or actual | 
inside diameter from the downstream face of the orifice plate. Figure 3-D-2 shows the al- 
lowable tolerances. A maximum beta ratio of 0.75 should be used in the design of new in- 
stallations. 
4 3-D.3.4.2 Fabrication 
Meter tubes that use pipe taps shall have a hole of the proper size drilled through the pipe 
wall. Proper hole sizes are listed in Table 3-D-2. The hole shali not be threaded. A fitting 
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lable 3-D-1— Continued 


Orifice 
Diameter 


1.500 
1.625 
1.730 
1875 
2,000 


2,125 
2.250 
2,375 
2,500 
2.625 
2.750 
2,875 
3.000 


3.125 
3.250 
3.375 
3,500 
3.625 
2780" 
3.875 
4.000 


4.250 
4.500 
A750 
5.000 


5.250 
5,500 
5.750 
6.000 


6,250 
6-500 


Published Inside Diameters at Published Inside Diameters at Published Inside Diameters at Published Inside Diameters at 
Nominal Pipe Size of 16 Inches Nominal Pipe Size of 20 Inches Nominal Pipe Size of 24 Inches Norninal Pipe Size of 30 Inches 
14,688 15,000 15.250 18,812 19.000 19.250 22.624 23.000 23.250 28.750 29,000 29,250 

453,93 453.79 

533.28 533.09 532.94, 

619.20 618.94 618.74 

TALIS TAL Tiidd 

BILL 810,55 81021 806.73 806.59 306.42 

917.03 916.45 916.01 911.54 911.37 911.15 
1,029.9 1,029.2 1,028.6 1,022.9 1,022.7 1,022.5 
1,149.7 1,148.8 1,148.1 1,141.0 1,140.7 1,140.4 1,136.8 1,136.5 1,136.3 
1,276.6 L224 1,274.5 1,205.7 1,265.4 1,265.0 1,260.6 1,260.2 1,260.0 
1,410.5 1,409.1 1,408.0 1,397.2 1,396.8 1,396.3 1,390.9 1,390.5 1,390.2 
1,551.7 1,550.0 1,548.6 1,535.5 1,535.0 1,534.4 1,597.9 1,527.4 1,527.0 
1,700.2 1,698,1 1,696.5 1,680.7 1,680.1 1679.4 1,671.6 — £,670.9 1,670.5 £,663.7 
1,856.1 1,853.6 1,851.7 1,832.8 1,832.1 18312 1,821.9 1,821.1 1,820.6 1,821.6 1,812.3 1,812.1 
2,019.6 2,016.5 2,014.4 1,991.9 19911 1,990.0 1979.0 1,978.1 1,977.5 1,967.7 1,967.4 
2,190.7 2,187.2 2,184.6 2,158.1 2,157.1 2,155.8 2,142.9 2,141.8 2,141.1 2,129.7 2,129.3 
2369.7 2,365.6 2362.5 2.3314 2,330.3 2,328.8 2313.6 23123 23115 2,298.2 2,297.8 
2,556.5 2,551.7 2,548.1 2,512,0 2,510.6 2,508.9 24912 2489.8 2,488.8 2,473.4 2,472.9 
27515 2,745.9 2,74L7 2,699.8 2,698.3 2,696.3 2.6/5.8 2674.1 2,673.0 055. 2,655.2 2,654.7 

29482 2,043.4 2893.2 28010 29674 28655 2864.2 28444 18437 5 
3,158.7 3,153 3,095.7 3,003.1 3,066.1 3,053.8 3,062.4 3,039.7 3,030.0 3,038.3 
3,377,5 3,371.3 3,305.7 3,302.7 3,271.9 3,269.3 3,267.7 3,241.8 3,241.0 3,240.2 
3,841.0 3,832.9 STARR 3,744.9 3,705.1 BOR 3,699.7 3666.5 3,665.4 3,664.4 
4,339,9 4,329.7 4,223.1 4,218.2 4,167.7 4,163.5 4,160.8 4118.7 4,117.4 4,116.1 
48759 4,863.0 4729.5 A724 46602 4,654.9 4,651.5 4,508.9 4,507.2 4,595.5 
5,450.6 5,434.5 5,268.8 5,261.3 5,183.1 5,176.6 5,172.4 = 3,107.3 5,105.2 5,103.1 
6,066.0 6,046.0 5,842.0 5,832.8 5,737.2 3,729.2 5,724.1 5,644.3 5,641.8 5,639.3 
6,724.3 6,699.6, 6,450.1 6,638.8 6,323.1 6,313.4 6,210.4 6,207.3 6,204.3 
7,427.8 7,397.6 7,404.7 7,094.2 7,080.6 6941.5 6,929.8 6,806.0 6,802.3 6,798.7 
8,179.4 8,142.5 778.2, TATSS 7759.3 7,593.1 7,579.2 TABIS = 7,427.1 7,422.8 
8,981.9 8,937.2 8510.8 8,495.6 8,476.2 8,278.6 8,262.2 8,087.5 8,082.2 8,077.1 
9,838.9 9,784.9 9,273.8 9,253.8 9,232.7 8,999.1 8,979.7 8,774.3 8,768.L 8,762.1 
10,842 10,734 10,089 10,079 10,038 10,031 9755.4 = 9,732.6 Bi 9,492.0 94854 54784 
11,837 1,732 11,654 10,929 10,903 10,871 F 10,522 10,505 10,243 10,234 10,226 
17,909 W797 19,684 W194 11,798 11187 T1BRO 149 D 11M LOIK LOT 
14,044 13,894 13,784 12,768 12,733 12,689 12,250 12,214 12,191 11,841 11,830 11,819 
15,269 15,091 14,959 13,763 13,722 13,671 13,161 13,119 13,093 12,691 12,678 12,666 
16,583 16,372 16,216 14,811 14,764 14,704 14413 14,065 14.036 15,975 13,560) 13,546 


should be fastened to the pipe at this point, and great care must be exercised to ensure that 
the inside of the pipe is not distorted in any way, 

The diameter of the tap hole shall not be reduced within a length equal to 2.5 times the 
tap hole diameter as measured from the inside surface of the meter tube. If the fitting is 
welded to the pipe used to fabricate the meter tube, the tap hole shali not be drilied until af- 
ter the welding is done. 

In Tahle 3-1-2, the finished tap hole shali be +% inch from the selected nominal tap hole 
diameter along the drilled length of the hole. 


3-D.4 Computing the Flow of Natural Gas and Other 
Related Hydrocarbon Fluids Through O 
Meters Equipped With Pipe Taps 
3-D.4.i GENERAL 
The recommendations in 3-D.4.2 through 3-D.4.8 concerning calculations and compu- 
tations are confined strictly to pipe tap orifice meters installed and operated according to the 
provisions of this appendix. The equations use inch-pound units and absolute values 
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Tabla 3-D-1—Continued 


Published Inside Diameters at Published Jnside Diameters at Published Inside Diameters at Published Ynside Diameters at 
Nominal Pipe Size of 16 Inches Nominal Pipe Size of 20 Inches Nominal Pipe Size of 24 Inches Nominal Pipe Size of 30 Inches 

Orifice —— 
Diameter 14.688 15.000 15.250 18.812 19.000 19,250 22.624 23.000 = 23.250 28.750 29.000 29.250 


8250 17,996 17,746 17,562 15,915 15,861 15,791 15,109 15.055 15.020 1449444771446 
8500 «19,517 19,221 19,004 «17,079 «17016 16.935 16,150 16.088 «= «16,048 «= Sds 15,429 15,41 
8750 21,157 20,807 20,551 «18,306 «18,.239 «18,140 «7.238- 17,166 17.121 16,439 1G AIR 16,398 


9.000 22,927 22,515 22,214 19,600 19,515 19,408 18,374 18,293 18,241 17,468 17,444 17,421 


9.250 24,242 24,357 24,4 20,9614 20,867 20,744 19,561 19,468 19,410 18,535 18,508 18,482 
9.500 26.917 = 26,347 = -25,932, 22,404 22,293 22,151 20,801 20,695 20,629 19,642 19,612 19,582 
9.750 29.472 28.502 28.015 23.925 12.797 23.635 22096 21976 21901 20.789 20.755 20,722 
10.000 31,630 30,840 30,269 25,531 25,384 25,199 23448 23,313 23,228 21.977 21,939 21.902 


34,316 33,384 32,714 27,229 27,062 26,850 24,861 24,708 24,612 23,208 23,165 23,124 
36,161 35,373 29,026 28,834 28,593 26,337 26,165 26,087 24,482 24,435 24,389 

30,928 30,710 30,435 27.879 27,686 27304 25.802 25,749 25,698 

32,944 32,695 32,382 29,492 29,274 29,137 27,168 27,109 27,053 


35,082 34,799 34444. BLI77 30.933 30,780) 28,582 2a sty (28,454 
37,353 37,031 36,627, «32.941 «32667-32495 «30,045 .29,973 29,904 
39,766 © 39.401 «= 38.942 34.786 «34.479 34.286 = 31,559 31,480 31,403 
42336 41,921 41400 © 36,717 36374 36,158 33,126 = 35,038 32,883 
47998 47462 46,791 40859-40430 «40,162 36,426 «36,319 (36,216 
54472 53,779 «52915 ASA10- 44878 «44,545 39,960 39,830 39,705 


50425 49,765 49,353 43.746 43,590 43,438 
55965 55,148 54640 47,805 47,617 47,435 
62106 61,006 eUAGY = 52159 51,993 51,715 
68,938 67,689 66.917 56,833 56,563 = 56,303 
S12 75,027 74075 «61857 61,535 61,225 
83233 82,057 67,263 66,879 68,51 
73087 72,632, 72,195 

372 78,833 78,315 

86,165 85.227 84,915 

93,522 92,767 92,044 


19.508 Hie “0g. 8768 
19.000 110,192 109,137 108,130 
19.500 119,667 118.420 119,231 
20,000 130,036 © 128,539 127,153 


throughout. Constants and variables that have a subscript of | indicate upstream measurc- 


ments: those that have a 


v 
ments; those that have a subscript of 2 indicate downstream measurements, 


script of 2 indicate downstream measurements. 


In the measurement of most gases, especially natural gas, the general practice is to ex- 
press ihe fiow raie in cubic feet per four ai some specified reference or base conditions of 
pressure and temperature (that is, in standard cubic feet per hour). To calculate the quantity 


of eas. the following equation shall be used: 


: be a 
Of gas, the followitig equation shail be used: 


Q, = CAP GD) 


Where: 


= orifice flow constant. 
h, = differential pressure at 60°F; in inches of water. 
F; = static pressure, in pounds force per square inci absotute. 
Q, = volume flow rate at base conditions, in standard cubic feet per hour. 


3-D.4.3 ORIFICE FLOW CONSTANT (C’) 


The orifice flow constant, C; is defined as the rate of airflow es a teal gas, in standard cu- 
bic feet per hour, when the extension, (#,,P)°°, equals unity. The orifice flow constant 
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Figure 3-D-2— Ailowabie Variations in Pressure Tap Hoie Location 


should not be confused with the flow coefficient or coefficient of discharge (K). The follow- 
ing equation is used to catculate the orifice flow constant: 


C’ = REYE,REEE (@-D-2) 


pb th “bf ae py 
Where: 
#, = basic orifice factor. 
real specific gravity (relative density) factor. 
base pressure Factor. 
supercompressibility factor (from A.G.A, Transmission Measurement Committee 
Report No, 8). 
= Reynolds number factor. 
= base temperature factor. 
flowing temperature factor. 
= expansion factor, 


Re 


ae 
nd 


Table 3-D-2—Meter Tube Pressure Tap Holes 
(Dimensions in Inches) 


Meter Tube 


Nominal Nominal Tap Hole Diameter 
i 


Diameter Recommended Maximum Minimum 
<a K % 
2or3 aK # a 
24 4 4 4 
Note: ‘The finished tap hole shall be =% inch from the selected nominal tap 


hole diameter along the drilled length of the hale. 
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rs a 


The sequence of multiplication in Equation 2 1s not binding; however, to duplicate the re- 


sults obtained usine Eqnation 2, the sequence of multiplication and the manner of rounding 
sults obtained using Equation 2, the sequence of multiplication and the manner of rounding 


or fruncation should be agreed upon and practiced. Trim factors to compensate for the type of 
insiramentation used, the calihration methods, and the elements of meter location are treated 
separately (see Appendix 3-A). These trim factors may be applied as a multiplier to C* 

The values of all the C’ factors are detailed in subsequent sections of this appendix, Both 
equations and tabular data based on the equations are provided. The tables are to be used 
as an alternative to calculations by equations or to check computed results, 


3-D.4.4 COEFFICIENTS OF DISCHARGE (K) 
To calculate the coefficients of discharge, K, the following empirical equations are used: 


x, 
K, = ——“fap-— (3-D-3) 
1 #, 1.9090 ane 


Where 


K, = 0.5025 + 20182 (9.44 — 2:08 \g2 4 (o.ga5 4 2225)gs 
\ Dd ] 


D \ D 
+1358" + “Bos - py (3-D-4) 
vD 
E = d(830 - 50006 + 90008" — 42006" + 8) (3-D-5) 
B= AUS + 75 (3-D-6) 
Db 


Note: In Equation 3-D-4, the signs of some of the terms with fractional exponents become negative for some val- 
ues of #. In such cases, these terms are to be neglected or their value treated as zero, and where these terms are a 
factor to another term, the whole product is to be treated as zero. 


Where: 
d = measured orifice diameter, in inches, 
D = measured inside meter tube diameter, in inches, 
K, = coefficient of discharge when Reynolds number is equal to (1.000,0004)/15. 
XK, = coefficient of discharge when Reynolds number equals infinity, which will be the 
minimum value for any particular orifice and meter tube size, 
f = beta ratio 
= d/D. 


These values will be used in subsequent intermediate calculations of the orifice flow con- 
stant factors. 
3-D.4.5 BASIC ORIFICE FACTOR (F,) 

To calculate the basic orifice factor, #;, use the following equation and note the standard 
conditions; 

E, = 338.178d°K, G-D-7) 
When 
P, (base pressure) = 14,73 pounds force per square inch absolute 
Specific gravity = 1.000 
T, (base temperature) = 60°F (519.67°R) 
Table 3-D-1 was developed using Equation 3-D-7 and various combinations of d and D; 


to use it, however, the measured inside diameter (D) of the meter tube must be within the 
limits specified in 3-D.3.2 and Figure 3-D-1. Table 3-D-2 may not be interpolated. 
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3-D.4.6 REYNOLDS NUMBER FACTOR (F,) 


To calculate the Reynolds number factor, F, use the following equations: 


Be=14 (3-D-8) 


£ 
Re, 


Re, = 220,858 dE,4/ ph, 


x (0.613408 — 0.1527568 + 0.803833 8? — 1.7011118° + 15693368") (3-D-9) 


> = (\ 49167), cabcibs 
PS ang J yas 


Where: 


G = specific gravity. 
Re, = orifice bore Reynoljds number. 
{ = absolute flowing temperature, in degrees Rankine. 
p = specific weightof a g. 4.7 pounds force pet square inch absoluie and 32°F. 


Table 3-D-3, which may not be interpolated, may be used to determine the value of b; 
this value may then be applied to Equation 3-D-11: 


Table 3-D-3—b Values for Determining Reynalds Number Factor F for Pipe Taps (All Dimensions in Inches) 


Fa 4 ee 
yeh 
Published Inside Diameters at Published Inside Diameters at Published Inside Diameters at 
Nominal Pipe Size of 2 Inches Nominal Pipe Size of 3 Inches Nominal Pipe Size of 4 Inchos 


0.0407 0.0408 0.0412 
0.0387 0.0376 0.0377 


0.0379 0.0358 0.0353 


0.0382 0,0350 0.0341 
0.0392 0.0351 0.0336 
G.047i 0.0456 0408 6.0359 
0.0492 0.0477 0,0427 0.0372 
0.0508 0.0495 0.0448 0.0388 


0.0519 0.0509 0.0467 0.0407 
0.0483 0.0427 


0.0494 O.a44s 


Note: The b values are culeuluted from the following equation: 
a: ie 
12,835dK 


mean orifice diameter, in inches, 
# = value from Kquation 3-D-5. 
K = value approximated from Table 3-D-4, 
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Fait aaa (-D-ii) 
i y “ iG 
E 
= (3-D-12) 
12,835dK 
| Table 3-D-3—Continued 
b 
E= 1+ 
fae 
Published Inside Published Inside Published Insice Published Inside 
Diameters at Diameters at Diameters at Diameters at 
Nominal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of 
6 Inches 8 Inches 10 Inches 12 Inches 
4897 5187 5761 6.065 7.625 7UL 0 RUTL S62 10,0200 M136 N74 11938 12,090 
| 0.0850 0.0862 0.0893 
0.014T = 0.0762 0.0802 
0.0655 0.0672 0.0719 
0.0575 0.0592 0.0625. 0.0642, .0716 = 0.0730) 0.0734 
0.0506 0.0523 0.0556 0.0573 0.0652 -0,0668 90.0672 0.0728 
0.0448 0.0464 0.0495 0.0512 0.0593 0.0608 90,0613) 0.0674 90.0691 0.0695 
O.0401 00414 0.0442 0.0458 «0.0538 0.0555 USER 00624 OOG4E 0646 = 8.0587 = 0.0704 = 0.0708 
0.0363 «0.0373 «(0.0397 «0.0412 0.0489» 0.0506 (0.0511 G.0576 0.0594 0.0599 0.0543 O.0661 0.0666 
0.0334 0.0341 0.0360 0.0372 00445 0,0462 0,0466 0.0532 0.0550 0.0555 0.0601 0.0620 0.0625 
0.0313 U0B15 0.0329 0US3Y LUD UUtZ1 0.0425 0,0490 050900514 0561 0.0580 (0.0585 
0.0300 0.0298 (0.0304 += 0.0311 0.0369 0.0384 = 0.0388 «0.0452 0.0472 = 0.0476 «= 0.0523 0.0543 (0.0548 
0.0293 0.0287 0.0285 0.0290 0.0338 «(0.0352 0.0355 0417 0.0436 0.0440 (0,0488 —0,0508 0.0513 
0.0292 0.0281 0.0273 0.0273 «0.0311 «0.0323 0.0327 0.0385 0.0403 0.0407 0.0454 = 0.0475 0.0480 
0.0297 0.0281 0.0265 0.0262 0.0355 0.0373 0.0377 0.0423 0.0443 0.0449 
0.0305 9.0285 (0.0261 0.6256 0.0328 0.0345 0.0049 0.0394 0.0414 0.0419 
0.0316 0.0293 0.0262 0.0253 0.0305 0.0320 0.0324 «= (0,0367 0.0387 «6.0392 
0.0330 0.0304 (0.0267 0.0254 0,0283 0.0342 0.0361 0.0366 
0.0345 00317 —U.U274——(0.0258 0.0255 0.0319 0.0337 0.0342 
0.0362 0.0332 0.0284 0.0265 0.0248 0.0298 0.0316 0.0320 
0.0379 0.0348 §=— 0.0295 0.0274 0.0234 0.0244 0.0246 = :0.0279 0.0295 0.0300 
0.0395 0.0364 «= 0.0308 =—-0,0285 0.0222 0.0230» -0.0233 0.0262 0.0277 0.0281 
0.0410 0.0380 0.0323 0.0297 0,0212 0.0218 0.0220 0.0246 = 0.0260 0,0264 
O.0422 6.0384 60338  O.0311 if 0205 6.0209 0.0210 0.0232 0.0245 6.0249 
0.0433 0.0408 = «0.0353. (0.0325: 0,0228 »9=— 0.0217 0.0214 = 0.0199) 0.0201 0.0202 0.0220» -0,0232 0.0235 
0.0419 0.0367 «0.0339 .0235 0.0221 «0.0218 += 0.0195 0.0195 = 0.0195 0.0210 0.0220 0.0223 
0.0428 -G.U381— 0.0354 0243UZtY 0.0224 0.0193 ULL LUND 0200 0.0209 0.0212 
0.0393 0.0367 0.0252 (0.0234 0.0230 0.0192 0.0188 0.0188» 0.0193 0.0200 0.0202 
0.0404 0.0380 0.0262 :0,0243 0.0238 «0.0193 0.0187 (0.0185 0.0187 0.0192 0.0194 
0.0413 0.0391 0.0273 0.0252 (0.0248 «0.0195 (0.0187 0.0186 «0.0182 0.0185 (0.0187 
0.0297 0.0273 0.0268 0.0203 0.0192 0.0189 0.0176 0.0176 0.0177 
0.0321 0.0296 «6.0290 0.0215 0.0200 6.0197 0.0175 O.0172 0171 
0.0344 0.0320 0.0314 0.0230 0.0212 0.0208 0.0178 0171 0.0170 
0.0364 00342 0.0336 «0.0248» 0.0228 = 0.0223 0.0185 0.0175 0.0172 
0.0381 0.0361 0.0356 0.0267 0.0245 0.0239 0.0195 0.0181 0.0178 
0.0377 0.0373, (0.0287 = 0.0263. 0.0257 0.0207 (0.0190 (0.0186 
0.0307 -0,0282 0.0276 = 9.0221 = 0,0202 = 0,0197 
; 0.0326 0.0302 0.0295 0.0236 «= 0.0215 0.0210 
0.0343 0.0320 0.0314 0.0253 0.0230 (0.0224 
0.0358 0.0336 0.0331 0.0270 0.0246 0.0240 
0.0351 0.0346 0.0288 0.0262 0.0256 
0.0363 0.0359 0.0304 0.0279 0,027 
0.0320 0.0295 0.0288 
0.0334 0.0310 0.0304 
0.0347 0.0325 (0.0318 
0.0338 0.0332 
fl 0.0349 0.0344 
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Table 3-D-3—Continued 


Bait 
Published Inside Published loside Published Inside Published Inside 
Diameters at Diameters at Diameters at Diameters at 
Nominul Pipe Size of Nominal Pipe Size of Nominal Pipe Size of Nomina! Pipe Size of 
16 Inches: 20 Inches 24 Inches 30 aches 

Orifice - 

Diameter 14.688 15.250 18.812 19,000 19.250 22.626 23,000 23,250 28.750 29.000 29,250 
1.500 0.0697 
1.625 0.0662 0.0676 
1.750 0.0642 
1.875 0.0610 
2.000 0.0578 0.0663 0.0667 0.0672 
2,125 0.0532 0.0548 0.0635 9.0639 0.0645 
2,250 0,0503 0.0519 0.0609 9.0613 0.0618 
2.375 0.0475 0.0492 0.0583 0.0588 0.0593 0.0658 0.0665 0.0669 
2,500 0.0449 0.0458 0.0466 0.0558 0.0562. 0.0568 0.0635 0.0642 0.0546 
2.625 0.0424 0.0433 0.0441 0.0534 0.0538 0.0544 0.0613 0.0620 0.0624 
2.780 0.0400 D400 ‘COU 0.0510 00815 0.0520 0.0591 S.0598 8.0603 
2.875 0.0378 0.0387 0.0492 0.0498 0.0570 0.0577 0.0582 0.0669 
3.000 0.0356 0.0365 0.0470 0.0476 0.0549 9.0650 00654 0.0557 
3,125 0.0336 0.0345 0.0449 0.0455 Q.0529 0.0632 0.0636 0.0839 
3.250 0,0317 0.0326 0,0429 0.0435 0.0509 0.0615 0.0618 0.0622 
3.375 0.030 9.0308 undid 0.416 0.0490 9.0597 0.0601 
3.500 0.0283 0.0291 0.0391 0.0397 0.0471 0.0380 0.0584 
3.625 6.0268 0,0275 0.0373 0.0379 0.0453 0.0563 0.0567 
2.750 0.0254 0.0356 8.0362 O.0436 6.0547 6.0551 
3,875 06,0340 0.0346 0.0419 0.0530 0.0534 
4.000 0.0324 0.0330 0.0403 0.0515 0.0519 0.0523 
4.250 0295 0,0301 0.0372 0.0380 0.0385 0.0484 0.0488 0.0492 
4.500 0.0269 0.0274 0.0343 0.0351 10,0356 0.0455 0.0459 0,0463 
4,750 Lg ,0250 2.0316 0.0324 0.0329 0.9427 G.0435 0.0435 
5,000 0.0229 9.0292 0,0299 0.0303 0.0401 9.0405 0.0409 
5.250 0.0210 0.0269 0.0276 6.0280 0.0376 0.0380 0.0384 
5,500 0.0194 0.0248 0.0255 0.0259 0.0352 0.0356 0.0360 
5.750 0.0180 9.0230 0.0236 0.0240 0.0330 0.0334 0.0338 
6.000 0.0165 0.0168 0.6213, 0.0218 na72 1.0300 0.0313 00817 


0.0156 0.0158 0.0197 0,0203 0.0206 0.0289 0.0293 0.0297 
0.0149 0.0151 0.0189 O.0192 0.0271 0.0274 0.0278 
0.0144 0.0145 0.0176 0.0179 0.0253 0.0257 9.0261 


6.250 0.0161 0.0157 
0.0167 0.0162 
0.0175 0.0169 


Q014L 


0.0184 0.0177 0.0141 0.0141 0.0166 0.0168 0.0237 0.0241 0.0244 
O0L4e 0.0140 0.0139 R056 ROLSS 0.8223 9.0226 0.0229 


0.0140 0.0140 = 0.0139 
0.0143 0.0141 0.0140 
0.0146 6.0144 0.0142 


0.0149 0.0150 0.0209 0.0212 0.0215 
0.0142 0.0144 0.0196 90,0199 9.0202 
0.0138 6.0139 O.U185, 0.0187 0.0190 


Table 3-D-4 must be used to determine the value of K in Equation 3-D-12. First-order 
linear interpolation of Table 3-D-4 is permissible. In calculating the extension for determi- 
ualions of F,, average or estimated values may be used. 
3-D.4.7 EXPANSION FACTOR (Y) 


3-D.47.1 Exna 
3-D.4.7.1 Exnai 


Tf the static pressure is measured at the upstream pressure tap, the calculations for the ex- 
pansion factor, Y,, use the following equations: 


¥ = 1 (0.333 + 11458? + 0.76 + 1268")]—+ (3-D-13) 


a 
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Table 3-D-3— Continued 
Eat u 
iB 
Published Inside Published Inside Published Inside Published Inside 
Diameters at Diameters at Diameters at Diameters at. 
Nominal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of 
16 Inches 20 Inches 24 Duches 30 Inches 
Orifice 
Diameter 14.688 15.000 15.250 18,812 19,000 19,250 22,624 23.000 23.250 28,750 29,000 29,250 
8.250 0.0246 6.0235 8.0227 $0157 6149 0.0146 6.0133 8.0134 8.0135 0.174 S87 6.0178 
8.500 0.0260 0.0249 0.0240 0.0157 0.0154 0.0151 0.0132 9.0132 0.0132 0.0165 0.0167 0.0170 
8.750 0.0273 0.0262 0,0253 0.0163 0,0160 0,0157 0.0131 90,0130 0.0130 0.0156 0.0158 0.0161 
9.000 0.0286 0.0276 0.0267 0.0171 0.0168 0,0163 0.0131 0.0130 0.0130 0.0149 0.0151 0,0153 
9250 0.0299 0.0288 0.0280 0.0180 O.0176 O.0171 0.0133 O.013t 0.0130 00142 6.0144 0.0146 
9.500 0.031 0.0301 0.0202 2.0189 OD185 20 O.0136 0.0133 0.0132 0.0137 38 0.0140 
9.750 0.0322 0.0312 0.0304 0.0198 0.0194 0.0189 0.0139 0.0136 0.0134 0.0132 0.0133 0.0135 
10,000 0.0332 0,0323 0,0315 0.0209 0.0204 0.0198 90,0143 0,0140 0.0138 0.0129 0.0129 0.0130 
10,250 0.0341 0.0333 0.0326 0.0219 0.0214 0.0208 0.0149 0.0144 0.0142 0.0126 0.0126 0.0127 
10.500 9.0341 0.0335 0.0230 0.0225 0.0219 0.0154 0.0150 0.0147 0.0123 0.0124 0.0124 
10.756 0.0241 0.0236 0.0229 0.0161 0.0155 G,0152 0.0122 0.0122, 0.0122 
11.000 0.0252 0.0247 0.0240 0.0168 0.0162 0.0158 0.0121 0.0121 0.0121 
11,250 0,0263 0.0258 0.0251 0.0175 0.0169 0.0165 0.0121 9.0121 0.0121 
LL.200 UWOzZTS O02 UZLUUISS UUIG ORYZA U2 0121 
11.750 0.0284 0.0278 0.0272 0.0191 0.0184 0.0180 0.0124 9.0123 0.0122 
12.000. 0.0293 Q.0288 0.0282 0.0200 D.G192 O18 0.0126 0.0124 0.0123 
12.500. 0.0312 0.0307 0.0301 0.0218 0.0210 0.0205 0.0131 9.0130 0.0128 
13.000 0.0327 09,0323 0.0318 0.0236 0.0228 0.0222 0.0139 0.0137 0.0135 
13.500 0.0255 0.0246 6.0240 00148 O0MG (0.0143 
90,0272 0.0264 0.0258 0.0159 0,0156 0,0153 
0.0289 0.0280 0.0275 0.0172 | 
13.000 0.0304 0.0296 0.0291 0.0185 0.0181 
15.500 0.0318 0.0311 0.0306 0.0199 0.0194 
16,000 0.0323 9.0319 0.0213 0.0209 
16,500 0.0228 0,0223 
17.000 0.0242 0.0238 
17,500 0.0257 0.0252 0.0248 
18.000 0.0270 0.0266 
18.500 0.0283 0. ole 
19.000 &. i 
19.500 
20,000 
R-R__ io 
x= Roo = @-D-14) 
, B 27.707 B 
i A 
Where: 
ik = ratio of specific heats, c./c, (that is. the ratio of the anceific heat of a 2: 


REEL 
ree 


& = ratio of specific heats, c,/c, (that is, the ratio of the specific heat of a gas at con 


stant pressure to the specific heat of the gas at constant volume at standard con- 
ditions), 


x\/& = acoustic ratio, 


Table 3-D-3 was developed using Equations 3-D-13 and 3-D-14 with a value of k = 1.3. 
Fitst- or second-order linear interpolation of a 3-D-5 is permissible. 


The val 
‘The vali 


Oto HOS ne 
= Oto £65 per- 


ecnt when x, = 0.2. For larger values of x,, a somewhat larger uncertainity can be expected, 
Equation 3-D-13 may be used over azange of 0.1 < 6 s 0.7. 


of % bject to 


r 
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Table 3-D-4— Values of A to Be Used In Determining 


A, for Calculation of & Factor 


B K (pipe) 
0.100 0.607 
0.125 0.608 
0.150 O6IL 
0.175 0614 
0.200 0.618 
0.225 0.623 
0.250 0.628 
0.275 0.634 
0.3200 16Al 
0.325 0.650 
0.350 0.658 
0.375 : 0.668 
0.400 0.680 
0.425 0.692 
0.450 o707 
0.475 0.724 
0,500 0742 
0.525 
0.550 
0.575 
0.600 
0.625 
0.650, 

0.675 
0.700 


3-D.4.7.2 Expans ‘acior Based on Downsiream Siatic Pressure (%;) 
If the static pressure is measured at the downstream pressure tap, the calculations For the 
expansion factor, ¥, use the following equations: 


= 1+ x, - (0.333 + 1145(8? + 0.76) + 128%))—_2_ _a-p.15 
y x, - I (B B B Braet ¢ ) 
Rob 
ie Ma MG pee lta, (G-D-16) 
B 27.107 P, 


Table 3-D-6 was developed using Equations 3-D-15 and 3-D-16 with avalue of & = 1,3, 
First- or second-order linear interpolation of Table 3-D-6 is permi: 


3-D.4.8 OTHER C' FACTORS 


The remaining orifice flow constant C’ factors (namely, Hs, Mp, Fp, ep, and F,) are calcu- 
lated exactly as described in the body of this standard. Computations using equations or ta- 
bles are permissible with these factors when calculating the flow of natural gas through 
orifice meters equipped with pipe taps. 


3-D.4.9 EXAMPLES 
3-D.4.9.1 Example 1 


Given the following physical parameters and flowing conditions, calculate the flow rate 
for a pipe tap orifice meter through one meter tube: 


Tube diameter 2.067 in 
Orifice diameter 1in 
Static pressure 500 psig (measured upstream) 
Differential pressure 50 inches of water at 60°F 
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Base pressure 14.73 psia 


Atmos: anpeeente ia Charomciric) 
Aimospheric pressurc 14.7 psia Charomctric) 


Flowing temperature 00°F 


Base temperature 60°F 
Relative density (specific gravity) 0.600 
Carbon dioxide 0.5 mole percent 
Nitrogen 0,5 mole percent 
Differential pressure device Bellows (recorder, dry) 


The solution is calculated as follows: 


Diameter ratio (8) = 0.483793 
Fxtension = 160.421 


= 243.279 
= 243,279 


(from Equations 3-D-3, 3-D-4, 3-D-5, 3-D-6, and 
3-D-7; or Table 3-D-2) 


Tabie 3-D-5-—Expansion Fact 


ressure i 


ee ee es eat ef 
; 


b=dpD 1 
hal Py, O41 0,2 03 04 0.45 0.50 0.52 0.54 0.56 0.58 0.60 | 
0.0 1,000 1,000 1.000 1.0co 1.000 1,000 1,000 1,000 1,000 1,000 1.000 
OA 6,8090 6.0080 0.9988 0.9985 0.9984 0.9982 0.9981 0.9980 9.9979 0.9978 0.9077 
02 0,9981 0,9979 0,9976 0.9971 0.9968 0.9964 0.9962 0.9961 0.9959 0.9957 0.9954 
03 6.9971 0,9968 0.9964 0.9956 0.9952 0.9946 0.9944 0.9941 0.9938 0.9935 0.9931 
04 0.9962 0.9958 0.9951 0.9942 0.9936 0.9928 0.9925 0.9921 0.9917 0.9913 0.9908 
05 0.9952 0.9947 0,9939 0.9927 0.9919 0.9910 0.9906 0.9902 0,9897 0.9891 0.9885 
0.6 0.9943 0.9937 0.9927 0.9913 0.9903 0.9892. 0.9887 0.9882 0.9876 0.9870 0.9862 
0.7 0.9933 0.9926 0.9915 0,9898 0.9887 08,9874 0.9869 0.9862 0.9856 0.9848 0.9840 
08 0.9923 0.9916 0.9903 0.9883 0.9871 0.9857 0.9850 0.9843, 0.9835 0.9826 0.9817 
09 0.9914 0.9905 0.9891 0.9869 0.9855 0.9839 0.9831 0.9823 O.OR14 0.9805 0.9794 
10 0.9904 0.9895 0,9878 0,9854 0,9839 0.9821 0.9812 0.9803 0.9794 0.9783 0.9771 
| Ll 0.9895 0.9884 0.9865 0.9840 0.9823 0.9803 0,9794 0.9784 0.9773 0.9761 0.9748 1 
LZ 9885 0.9874 9.9854 09825 9.3807 5.9785 S8T75 O.3764 C3752 08739 08725 
13 0.9876 0.9863 0.9842 0.9811 09791 0.9767 0.9756 0.9744 0.9732 0.0718 0.9702 
14 0.0866 0.9830 0.9796 0.9775, 0.9749 0.9725 09711 0.9696 0.9679 
is 0.9857 9.9818 0.9782 0.9758 0.9731 0.3705 0.5690 O.S074 0.9656 
i 16 0.9847 0.9805 0.9767 0.9742 0,9713 0.9685 0.9670 0.9652 0.9633 i 
WE Dog 7, 0.9793 a ae 9.9726 0.9695 0.9666 0.9649 0.9631 
18 0.9828 0.9781 0.9738 0.9710 0.9677 0.9846 0.9628 0.9609 ¢ 
19 0,9818 0.9769 0.9723 0.9694 0.9659 0.9626 0.9608 0.9587 0.9565 
26 6.9809 0.9757 08709 6.2678 OS64AL 08687 8.9587 6.9566 89542 
i 21 0.9799 0.9745 0.9694 0.9662 0.9623 0.9587 0.9566 0.9519 1 
22 0.9790 0.9768 0.9732 0.9680 0.9646 0.9605 0.9567 0.9546 0.9496 
23 0.9780 0.9758 0.9720 0.9665 0.9630 0.9587 0.9568 0.9548 0.9525 0.9473 
24 0.9770 0.9747 0,9708 0,9650 0,9613 0.9570 0.9550 0.9528 0.9505 0,9450 
25 0.9761 O97 0.9698 0.0636 Q.9597 Q.9352 0.9531 O2508 0.9484 0.9427 
26 0.9751 0.9726 0.9621 0.9581 0.9512 0.9489 0.9463 0.9404 
27 0.9742 0.9716 0.9607 0.9565 0.9493 0.9469 0.9443 0.9381 
28 0.9732, 0.9705 0.9592 0.9549 0.9475 00449 0.9422, 0.9358 
29 0,9723 0.9695 0.9578 0.9533 0.9456 0.9430 0.9401 0.9335 
3.0 0.9713 0.9684 0.9563 0.9517 0.9437 0.9410 0.9381 0.9312 
31 0.9704 0.9674 0.9549 0.9501 0.9418 0.9390 0.9360 0.9290 
32 0.9694 0.9663 0.9534 0.9485 0.9400 0.9371 0.9339 0.9267 
33 0.9684 0.9653 0,9519 0.9469 0.9381 0.9351 0.9319 0,9244 
| 34 0.9675 0.9642 0.9505 0.9452 0.9362 0.9331 0.9298 0.9221 1 
35 0.9665 0.9632 0.9490 0.9436 0.9343 0.9312 0.9277 0.9198 
3.6 0,9656 0.9624 0.9476 0,9420 0.9324 0.9292 0.9257 0.9175 
37 0,9646 0.9611 0.9461 0.9404 0.9306 0.9272 0.9236 0.9152. 
38 0.9637 6.9600 0.9538 09447 6.9388 09287 9253 0.9216 0.9129 
39 0.9627 9.9590 0.9526 0.9432 0.9372 0.9263 0.9233 0.9195 0.9106 1 
} 40 0.9617 0.9579 0.9514 0.9417 0.9356 0.9249 0.9213 0.9174 0.9131 0.9083 j 
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Table 3-D-5— Gontinued 
: pap 
lig iE, 6.64 G62 0.63 G64 ans 0.66 8.68 4.09 6, 
0.0 1.000 1,000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 
OL 0.9976 0.9975 0.9974 0.9973 0.9972. 0.9971 0.9970 0.9969 0.9968 
0.2 0.9951 0.9950 0.9948 0.9947 0.9945 0.9943 0.9941 0.9938 0.9935 
0.3 0.9927 9,0095 0.9923 0.9920 0.9917 0.9914 GSFLL O.9907 4.9903 
04 0.9903 0.9900 0.9897 0.9893 0.9890 0.9986 0.9881 0.9876 0.9874 
0.5 0.9882 0,9879 0.9875 0.9871 0.9867 0.9862 0.9857 0.9851 0.9845 0,9389 
0.6 0.9859 0.9854 0.9850 0.9845 0.9840 0.9834 0.9828 0.9822 0.9814 0.9806 
07 0.9835 0.9830 0.9825, 0.0819 0.9813 0.9207 0.9300 0.9792 0.9784 09TH 
O08 O98 0.9806 ul 0.0704 O.o7ey 010779. GOTR 09762 0.0753 9.9742 
09 0.9788 0.9782 0.9775 0.9768 0.9760 0.9752 0.9742 0.9733 0.9722 0.9710 
Wo 0.9764 0.9757 0.9750 0.9742 0.9733 0.9724 0.9714 0.9703 0.9691 0.9677 
dd 0.9741 0.9733 0.9725 0.9716 0.9707 0.9696 0.9685 0.9673 0.9660 0.9645 
12 0.9717 0.9709 0.9700 0.9690 0.9680 0.9669 0.9657 0.9643 0.9629 0.9613 
13 0.9604 0.9685 0.9675 0.9664 0.9653 0.9641 0.9628 0.9614 0.9593 0.9581 
14 0,9670 0,9660 0.9650 0.9639 0.9627 0.9614 0.9599 0.9584 0.9567 0.9548 
15 0.9646 0.9636 0.9625 0,9613 0.9600 0.9586 09571 0.9554 0.9536 0.9516 
Lo U.9623 Q,9612 0.9600 0.9587 0.9573 0.9538 0.9542 0.9525 0.9505 0.9484 
L7 0.9599 0.9587 0.9575 0.9561 0.9547 0.9531 0.9514 0.9495 0.9474 0.9452 
18 0.9576 0.9563 0.9550 0.9535 0.9520 0.9503 0.9485 0.9465 0.9443 0.9419 
19. 0.9552 0.9539 0.9525 0.9510 0.9493 0.9476 0.9456 0.9435 0.9412 0.9387 
2.0 0.9529 0.9515 0.9500 0.9484 0.9467 0.9448 0.9428 0.9406 0.9381 0.9355 
24 6.9305 0.5496 GB475 0.9458 0.9440 0.5420 0.9399 0.9376 0.9351 0.9323 
2.2 0.9481 0.9466 0.9450 0.9432 0.9413 0.9393 09371 0.9346 0.9320 0.9290 
2.3 0.9458 0.9442 0.9425 0.9387 0.9365 0.9342 0.9317 0.9289 0.9258 
24 0.9434 0.9418 9.9400 0.9360 0.9338 0.9313 0.9287 0.9258 0.9226 
25 0.9411 0.9393 0.9375 0.9333 0.9310 0.9285 0.9257 0.9227 6.9194 
26 0.9387 0.9369 0.9350 ! 0.9307 0.9282 0.9256 0.9227 0.5196 O.9161 
27 0.9364 0.9345 0.9325 .9303 0.9280 0.9255 09227 0.9198 0.9165 0.9129 
28 0.9340 0.9321 9.9300 . 0.9227 09199 0.9168 0.9134 0.9097 
29 0.5316 0.9296 0.9275 F252 0.9200 0.9170 0.9138 0.9103 0.9064 
3.0 0.9293 60,9272 0.9250 0.9226 0.9172 0.9142 0.9108 0.9072 0.9032 
21 9.9260 9.9200 opi ogua 0.9079 60,9000 
3.2 0.9246 0.9174 0.9117 0.9084 0.9049 0,8968 
33 9.9222 0.9148 0.9089 0.9056 0.9019 0.8935 
24 O.D198 0.9122 0.9062 0.9027 0.3990 3.8903 
35 0.9175 O9151 0.9097 0.9034 0.8999 0.8960 0.8817 
3.6 0.9151 0.9126 0.9071 0.9006 0.8970 0.8990 1 8887 9.8839 
37 0.9128 0.9102 0.9045 0.8979 0.8941 9.3900 0.8856 0.8806 
38 0.9104 0.9078 . 0.8951 0.8913 0.8871 0.8825 0.8774 
39 J 4. 8024 O.g884 0.8841 C8794 0.8742 
4.0 0.8896 08856 0.8811 0.8763 0.8710 


Reynolds number factor @,) = 1.0004 


(from Equations 3-D-5, 3-D-8, 3-D-9, and 3-D-10; 
or Table 3-D-1 and Equation 3-D-11; or Table 3-D-3 
and Equations 3-D-5, 3-D-11, and 3-D-12) 
MH) = 0.9983 
(from Equations 3-D-13 and 3-D-14 or Table 3-D-4) 
= fanno 


Base temperature factor (F,) = 1.0000 
Flowing temperature factor (F,) = 0.9636 
Relative density factor (F,) = 1.2910 
Supercompressibility factor (F,,) = 1.0299 
Orifice flow constant (C’) = 311.284 
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| SecTION 3—ConcenTRic, Squan=-Epaep Onirice Meters, PART 3—NATURAL Gas APPLICATIONS 87 
—— 
i] Flow rate (Q,) = 49,9367 MSCFH 
= 1.19848 MMSCFD 
| (rom Equation 3-D-1) 
| 3-D.4.9.2 Example 2 
Given the following physical parameters and flowing conditions, calculate the flow rate 
from a pipe tap orifice meter through one meter tube: 
Tube diameter 10.020 in 
Orifice diameter 4.5 in 
Static pressure 350 psig (measured upstream) 
Differential pressure 40 inches of water at 60°F 
Base pressure 14.73 psia 
Atmospheric pressure 14.7 psia (barometric) 
i Table 8-B-6—Expansion Factors for Pipe Taps (%): Static Pressure Taken From 
| Be dip 
| Wits, OL 0.2 03 O4 0.45 0.50 0.52 0.54 0.56 0.58 0.60 
0.0 1.000 1,000 1,000 1.000 1.000 1.000 1.000 L000 1.000 
O41 1.0008 1.0008 1.0006 1.0002 1,0000 0.9999 0.9998 0.9997 0.9995 
62 1.0077 1.0015 1.0012 1.0004 1.00600 0.9999 0.9997 0.9995 0.9990 
03 1.0025 1.0023 1.0018 1.0006 1.0000 0.9998 0.9995 0.9992 0.9986 
04 1.0034 1.0030 1.0024 1.0008 1,0001 0.9997 0.9994 0.9990 0.9981 
os 10a 1.0038 1.0030 1.0010 1.0001 0.9907 0.9992 0.9988 0.9976 
ad 06 1.0051 1.0045 1,0036 1,9012 1,0001 0.9996 0.9991 0.9985 0,9972 
OF 1.0059 1,003 1.0041 1deid £6002 0.9996 0.8990 0.9983 0.9967 
08 1.0068 1.0060 1,047 1,0016 1.0002 0.9995 0.9988 0.9980 0.9962 
09 1.0076 1.0068 1.0053 1,0018 1.0002 0.9995 0.9987 0.9978 0.9958 
1 1.185 1.0075 1.0059 1.0021 1,0003 0.9904 0.9986 G.9976 09954 
Ll 1,0093 1,0083 1,065 1.0023 1,0003 0.9994 0.9984 0.9974 0.9949 
12 1.0102 1.0091 1.0071 1.9095 1.9004 0.9994 0.9983 0.9972 0.9945 
la 1.0110 1,0098 1,0077 1.0027 1.0004 0.9994 0.9982 0.9970 0.9941 
14 1.0119 1.0106 1.0083 1.0030 1,0004 0.9993 0.9981 0.9968 0.9936 
1s 1.0127 1.0113 1.0089 1.0032 1.0005 9.9993 pose Rie 0.9932 
L6 1.0136 1.0121 1.0096 1,0034 1,0006 0.9993 0.9979 0.9964 0.9928 
ins 1.0144 1.0128 1.0102 1.0036 1.0006 0.9992 0.9978 0.9924 
1B 1.0153 1.0136 1.0108 1,0039 1.0007 0.9992 0.9977 0,9920 
19 1.0161 1.0144 Laie 1.0041 1.0008 0.9992 0.9976 09916 
20 1.0170 1.0151 1.0120 1.0044 1.0008 0.9992 OS9TS 0.9912 
21 1.0178 1.0159 1,0126 1.0046 1.0009 0.9992 0.9974 6.9908 
22 1.0187 1.0167 1,0132 1.0048 1.0010 0.9992 0.9973 0.9904 
23 1.0195, Lol L138 1.0051 1.0010 09992 0.9972 0.9900 
24 1.0204 1.0182 1.0144 1.0053 1.0011 0.9992 09971 0.9896 
25 £0212 1.0189 1.0150 1.0056 1.0012 0.9992 09971 0,9893 
2.6 1.0221 1.0197 1.0156 1.0058 1.0013 0.9992 0.9970 0,9889 
24 1.0229 1.0205 1.0162 D061 1.0014 0.9992 0.9969 0.9885 
2.8 1.6238 10212 petted 1.0003 1.0014 0.9992 0.9988 UY8SL 
29 1.0246 1.0220 1.0175 1.0066 1.0015 0.9992 0.9968 0.9878 
3.0 1.0255 1.0228 1.0181 1,0068 1.0016 0.9993 0.9967 0.9874 
al 1.0264 1.0235 1.0187 10116 1.0071 1.0017 0.9993 09966 0.9871 
32 1.0272 1.0243 1.0193 1.0120 1.0074 1.0018 0.9993 09966 0.9867 
33 1.0280 1.0250 1.0199 1.0124 1.0076 1.0019 0.9993 a9965 0.9864 
34 1.0289 1.0258 1.0206 1.0128 1,0079 1,0020 0.9994 0.9965 0.9860 
35 1.0298, 1.0266 1.0212 1.0133 1.0082 1.6021 0.9994 09964 0.9857 
36 1.0306 1.0273 1.0218 1.0137 1.0084 1,0022 0.9994 0.9964 0.9931 0.9894 0.9854 
37 1.0314 1.0281 1.0224 10141 1.0087 1,0024 0.9994 0.9963 0.9929 0.9892 0.9850 
38 1.0323 1.0289 1.0230 1.0145 1.0090 1,0025 0.9995 0.9963 0.9928 0.9390 0.9847 
3.9 1.0332 1,0296 1.0237 1.0149 1,0093 1.0026 0.9995 09963 0.9927 0.9888 0.9844 
4.0 1.0340 1.0304 1.0243 1.0153 1.0095 1,0027 0.9996 0.9962 0.9926 0.9885 0.9840 


| 
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88 CuapTer 14—Natural Gas Fluins MEASUREMENT 
Table 3-D-6— Continued 
Bed 
dal Fy, 0.65 0.62 0.63 O64 0.65 0.66 0.67 0.68 0.69 a70 
0.0 1,000. 1.060 1.000 1.000 1.000 1.000 1.000 1.000 
OL 0.9994 0.9994 0.9992 0,9991 0.9990 0.9989 0,9988 0.9987 
02 0.9989 0.9988 0.9985 0.9983 0.9981 0,9979 0.9977 Q.9974 
0.3 0.9984 0.9982 0.9977 0.9974 0.9972 0.9969 0.9965 0.9962 
04 0.9978 0.9976 0.9969 0.9966 0.9962 0.9958 0.9054 0.9949 
0.5 0.9973 0.9970 0.9982 0.9958 0.9953 0.9948 0,9942 0.9936 
0.6 0.9968 0.9964 0.9954 0.9949 0.9944 0.9938 0.9934 0.9924 
0.7 0.9962 0.9938 0.9947 0.9941 0.9935 0.9928 0.9920 0.9912 
O8 0.9957 0.9952 0.9940 0.9933 0.9926 0.5918 . 0.9899 
09 0.9952 0.9946 0.9932 0.9925 0.9917 0.9908 0.9887 
1.0 0.9947 9.9940 0.9925 0.9917 0.9908 0.9898 0.9875 
11 0,9942 0.9935 0.9918 0.9859 0.9858 0.9863 
12 0.9937 0.9929 0.9911 0.9890 0.9878 0.9851 
13 0.9932 0.9924 0.9904 0.9881 0.9868 0.9839 
14 0.9928 0.9918 0.9897 0.9872 0.9859 0.9827 
15 0.9923 0.9912 0.9890 0.9864 0.9849 0.9815 
i6 0.9918 0,9907 0.9883 0.9835 0.9840 6.9804 
“7 0.9913 0.9902 0,9876 0.9847 0.9830 0.9792 
18 0.9908 0.9896 0.9870 . 0.9838 0.9821 . 0.9780 
19 0.9904 0.9891 0.9863 0.9847 0.9830 0.9811 0.9791 0.9769 
20 0.9899 0.9886 0.9856 0.9840 0.9822 0.9802 0.9781 0.9757 
pal 0.9895 6.9881 $9866 0.9849 0.9832 0.9813 O9770 ag746 
2.2 0.9890 0.9876 0.9860 0.9843 0.9805 0.9760 0.9734 
23 0.9886 0.9870 0.9854 0.9836 09787 0.9750 0.9723 
24 O.988E 0.9805 0.9948 0.9830 0.9789 6.9740 O.971Z 
25 0.9877 0.9860 0,9842 0.9823 0.9780 0.9730 0.9701 
2.6 0.9873 0.9855 0.9837 O98 17 0.9772 0.9720 0.9690 
27 0,9868 0.9850 0,983 0.9811 0.9764 0.9710 0.9679 
2.8 0.0864 0.9846 0.9826 0.9804 0.9787 0.9700 0.0668 
29 0.9860 89841 0.9820 0.9798 Q9TT4 9.9749 0972 0.9690 O.9657 0.9620 
3.0 0.9856 0.9836 0.9815 0.9792 0.9767 0.9741 0.9712 0.9681 0.9646 0.9608 
3 0.9852 0.9831 0.9809 0.9786 9.9760 0.9733 0.9703 O.9G7L 0.9635 0.9596 
3.2 0.9848 0.9826 0.9804 0.9780 0.9754 0.9725 0.9695 0.9661 0.9625 0.9584 
33 0.9843 0.9822 0.9798 0.9774 0.9747 0.9718 0.9685 0.9652 0.9614 0.9572 
34 0.9839 0.9817 0.9793 0.9768 o9740 0.9710 0.9678 0.9842 0.9603 0.9561 
38 0.9835 0.9812 0.9788 0.9762 0.9733 0.9702 0.9669 0.9633 0.9593 0.9549 
3.6 0.9832 9.9808 0.9783 0.9756 0.9727 0.9695 0.9661 0.9623 0.9582 0.9537 
37 0.9828 0.9803 0.9778 0.9750 0.9720 0.9688 0.9652 0.9614 0.9572 0.9526 
38 0.9824 0.9799 0.9772 0.9744 0.9713 0.9680 0.9644 0,9605 0.9562 0.9514 
39 0,9820 0.9794 0.9767 0.9738 0.9707 0.9673 0.9636 0.9596 0.9551 0.9503 
4.0 0.9816 0.9790 0.9762 0.9732 0.9700 0.9665 0,9628 0.9586 0.9541 0.9491 
Flowing temperature 60°F 
Base temperature 60°F 
Relative density (specific gravity) 0.620 


Carbon dioxide 


Nitrogen 


Differential pressure device 


The solution is calculated as follows: 


Diameter ratio (8) = 0.449102 
Extension = 120.781 


Reynolds number factor (F,) 


2 mole percent 
3 mole percent 


Bellows (recorder, dry) 


197646 


Bacto orifice factor (IL 
Basic orifice factor (#,) = 4776.30 


1.0002 


1 


Expansion factor (1) = 0.9982 
Base pressure factor (F,) = 1.0000 
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Base temperature factor (F,) = 1.0000 
Flowing temperature factor (i) = 1.0000 
Relative density factor (f,} = 1.2700 
Su mapressibility factor (F.) = 1.0273 


upercompressibility factor (H,) = 1.027 


Orifice flow constant (C’) = 6221.53 
Flow rate (Q,) = 751.441 MSCFH 
= 18.0346 MMSCFD 


3-D.4.10 ADJUSTMENTS FOR INSTRUMENTATION 
CALIBRATION AND USE 


sa function of 


ihe type of i applied, ths ment, OF 
any combination of these. These factors are discussed in the body of the standard and in 
other appendixes to the standard. These factors are calculated and applied independently of 


tap type. With these factors, the orifice flow rate is calculated using the following equation: 
QO, = CRE Ey, Ey Bey Bus Fag E fhe (G-D-17) 


‘art “wt Ae: Abwt Shon Page 


F,, = mercury manometer factor formerly F,). 
&, = otiiice thermal expansion factor. 
F,, = correction for air over water in a water manometer during differential instrument 
calibration, 
F,, = local gravitational correction for water column calibration. 
Py = water den 
tion. 

= local gravitational correction for deadweight tester static pressure calibration. 
correction for gas column in a mercury manometer, 
mercury manometer span correction for instrument temperature change after cal- 
ibration. 


ma) for water column calibra. 


» correction (tcmmucrature or com 
yy correction (tomporature or comp 


Copyright por American Petroleum Institute 
Sat Nov 03 21:53:05 2001 


API NPHS*14.3.3 42 MM 0732290 0503938 47) a 


APPENDIX 3-E—SI CONVERSIONS 


This appendix contains tables of SI conversions that are pertinent to the information in 
this part of Chapter 14, Section 3. For additional information on ST units, refer to Chapter 
15, 


Ei) 
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Tabie 3-E-1—Volume Reterence Conditions for Gustody Transfer Operations: 


Natural Gae Volume 


Common Reference 
Conditions (i) ‘To Convert From 
Pressure ‘Temperature ft tom}, m? to £0, 
(psia) (SF) Muttiply by Mattiply by 
M4 oO 002769321 36.10994 
14.65 i 0.02817399 35.49373 
14,696 60 0,02826245 3538263 
14,7 a 002827015 35.3730 
1443 60 002832784 35.30096 
14f34F oo 0,02833088 33.289 10 
14.735 60 0.02833746 35.28898 
149 60 0.02865478 3A.B9819 
15,025 ao 0.02889517 4.60786 


Note: The following standard conditions were used for inch-pound units—a temperature of 60°F and a pressure 
of 14.73 pounds por square inch absolute. The following standard conditions were used for SI units—a 
ternperature of 15°C and an absolute pressure of 101.325 kPa, The following values were assumed: 1 ft = 0.3048 
m; 1 psi = 6.894757 kPa. The following methodology was uscd to obtain the conversion factors: 

fee Vr VW 


w te ¥ 2) _ 
sy ea 


Tabie 3-E-2— Energy Reference Conditions 


To Convert Biu ta J, 
Unit Used in Definition Multiply by 


Table 3-E-3—Heating Value Reference Conditions 


Reference Conditions (£6) 


Pressure ‘Temperature To Convert From Biuy/ft? to 


(psia) (°F) MJfm’, Multiply by 
144 60 0.03809801 
14.65 60 0.03744787 
14.696 oo 0.03733006 
14.7 60 0.03732050 
143 rr) 0.03724449 
14.7347 60 0.03723261 
14,735 6 0.03723185 
49 60 003681955 
15,025 60 0.03651323 


Note: The following standard conditions were used for inch-pound units --a terapornture of 60°F and a pressure 

of 14.73 pounds per square inch absolute. The following standard conditions were used for $i units—a 

temperature of 15°C and an absolute pressure of 101.325 kPa. The following values d: 1 ft = 0.3048 
1 ‘“ Zs 


6.894757 kPae } Bue = (055.0567. The i 
6.894757 kPa; | Dtiigg = 1055.056 7, The f he 


(a lrssIS ELE) 


| 
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APPENDIX F—HEATING VALUE CALCULATION 
3-F.1 General 


Heating value is a gas property evaluated on a per-init mass basis (/f,,). This property is 
technically termed an “ideal property” (71,“). From. a practical standpoint, in mass measure- 
ment there is no difference between the “ideal” and the “real.” The value is converted to a 
heating value per cubie foot (HV) using the following relationships. The more common 
convention has been applied in thts appendix, 


HY = H,- = BPp G-F-1) 


& 


a 
The value of HV is used as a factor in calculating the energy flow rate, or the total energy 
passing through the flow meter. HV is also used for product specifications, 
It is aiso convenient to detine the following: 


AV = He G-F-2) 
3-F.2 Heating Value Symbols 
eeeription 
Heating value per pound mass Brijlbm 
Ideal pe mass Biu/ibm 
Ideul heating value per cubic foot Bu/ft 
Gross heating value Bust? 
Molar mass of component Ibm/lb-mol 
P, Base pressure Ibffin® (abs) 
7, Flowing pressure (upstream tap) Ibifin? (abs) 
,, Vapor pressure of water Ibffin® (abs) 
°R Absolute temperature _— 
T, Base temperature SR 
Z;, Gas compressibility at base conditions (P,. 7. — 
P, Density at base conditions (7, 7),) lom/ft* 
Pt Ideal density at base conditions Ibm/ft? 
@ Molec fraction S100 
@, Mole fraction water {100 
3-F.3 Heating Value 
The gross heating value is an ideal gas property based on the ideal reaction: 
Fuel? + OF -+ CO! + HO, + SO (3-F-3) 


Where: 
Superscriptid = idcal gas. 
Subscript] = liquid. 
(Each fuel requites different stoichiometric coctficients.) This eross ideal heating value in- 
cludes the energy obtained from the condensation of the wuter vapor (formed by the ideal 
reaction expressed in the cquation) te the liquid phase. 

[t should be noted that the gross heating value is expressed per unit (pound mass or cubic 
foot of dry gas. Although water is a product of combustion, it is not indicated on the left- 
hand side of Equation 3-F-3 in cither the fuel or the oxygen; water is a result, nota part, of 
the reaction. 

Heating value may be determined directly by a calorimeter, either on line or from a sam- 
ple cylinder, Heating value may also be calculated from gus analysis. 


95 


| 
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3-F.4 Physical Properties 


Tuble 3-F-1 lists physical properties of many of the compounds present in natural gas in 
various hydrocarbon mixtures. The data in Table 3-F-1 have been adjusted to base or stan- 
dard conditions, as defined in 3.2.3.4. 

Table 3-F-1 provides the best currently available data on physical properties and is taken 
from GPA 2145-91, These data are subject to modification yearly as additional research is 
accomplished. Future revisions to GPA 2145 may include updated values. The vulues of the 
most recent edition of GPA 2145 should be used. The user of the GPA tables is cautioned 
that the information presented in thom is calculated from different base conditions and that 
conversion is required when the information is used with Part 3 (see 3.5.2). 


3-F.5 Heating Value Determined on a Volume Basis 


A calculation of a mixture’s gross ideal heating value, using H, values from Table 3-F- 
1 and using mole fractions of the gas composition, involves determining the heating value 
per unit volume of real gas. HV can be determined by using Equation 3-F-2 and the follow- 
ing relationship: 


Table 3-F-1—Physical Properties of Gases at Exactly 14.73 Pounds Force per Square Inch Absolute and 60°F 
(See Note 1) 


‘Thermal Energy 
Tdeal oe 
P. Te Density Viscosily H,}# Ay 
(psia) CR) G (lom/f*) @) (Bru/lbm) (eye) 
(owe 3) (Nete3} Nowe 4) (Note 5} (Mote 6) (Mote 7) or 7} 
Hydrogen Tl, 187.5 59.36 0.06960 0.00532, 0.00871 61,025 3249 
Tietiuai He 32.9 3.34 5.13820 0.01557 0.04927 a G 
Water H,O 18.0153 3,200.1 1,164.85 0.62202 0.04758 1,059.8 50.4 
Carbon monoxide co 26.010 239,26 0: saul 0.07398 0.01725 4,342.4 3213 
Nitrogen, N, 28.0134 227,16 D.U7399 0.01735 a Q 
Oxygen. Oo; 31.9988 278.24 1 10484 0.08452 0,02006 a a 
Hydrogen sulfide ILS 34.08 672.12 1.17669 0.09001 9.01240 7,094.2 638.6 
Argon Ar 39.048 710.4 TILSS 1.37030 0.10551 0.02201 0 0 
Carbon dioxide ca, 44.010 1,071.0 547.42 1.51955 0.11624 0.01439 0 0 
Air (Note 8) 28.9625 546.9 238.36 1.80008 8.076550 COLTS $ a 
Methane CH, 16,043 667.0 343.00 0.55392 0.04237 0.01078 23,891 1,012.3 
Ethane GH, 30.070 107.8 549.76 1.03824 0.07942 0.00901 22,333 1,773.7 
Propane CN, 44.097 665.64 1.52236 0.11647 0.00788 21,653 2,521.9 
iso-Butane Cy 58,123 734.13 2.00684 6.15351 ,00732 21,232 3,259.4 
n-Burane H; 58,123 163.25 2.00684 QUS351 9.00724 21200) Bee) 
iso-Pentane 72.150 828,70 249115 0.19057 21,043 4,010.2 
a-Pentane Cy 72.150 $45.44 2.49115 0.19057 21,085 4,018.2 
a-Hoxane CB 86.177 OU? 2.97847 C.22762 20,243 4766S 
fieHeptane CHis 100.204 970.57 3.45978 0.26466 20,839 5,515.2 
Octane CH 114,231 36L.L 1,017.67 3.94410 0.30172 6,263.4 
aeNorianie Cag 128,258 330.7 1,070.57 442842 G.33876 FOI27 
n-Decane Cyn 142,285 304.6 1,111.87 491273 0.37581 TIS 
Notes: 


1. The source for the data in this table is Gas Processors Association 2145-91, The accuracy of the experimental numbers is estimated to be [ in 1000; the 
additional figures are for calculation consistency. 

2, The following molecular weights were used: C = 12.011; H = 1.00794; 0 = 15,9994;N = 14.0067; and $ = 32.06 (1979). 

3. The deta in these columns come from the Thermodynamics Research Center, Texas A&M University, IUPAC and National Bureau of Standards selections. 
4, The ideul refative density is the ratio of the molecular weight of the gas to that of air (Mfr/Mr,). 

5. Ideal density = 0.0026413Mr at 60°F and 14.73 pounds force per square inch absolute. 

6. The data in this column are from N. B. Vargaftik, Tables on Thermodynamic Properties of Liquids and Gases Qud ed.), New York, Wiley, 1975. 

7, See Fquation 3-F-3. Depending on the fuel, the reaction has various stoichiometric coefficients. The #, columa comes from data, whereas the H, comes 
from multiplying H,i# by ¢ ideal energy released as heat is 

Z., Water has gross values for //,, and 1, (1 tite ideal enthalpy of condensation). 

§. The data in this row are from F. E. Jones, National Bureau of Standards Journal of Research, 1978, Volume 83, p. 491, 


H,# multiplied by the zeal gas flow rate (in cubie feet per hour) divided by 
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Ma 


HS = 6H) + OURO, + 0+ 6, CAS), G-F-4) 
Or 
= Daun, (3-F-5) 
When 
HY = He (3-F-2) 
hs 
Where: 


@ = mole fraction (percent/100). 


3-F.6 Heating Value Determined on a Mass Basis 


he question of compressibility factor disappe: 


‘th the sfg The folio 
iiass is Wied with the mass Tow waite. The follow 


when the ideal heating value Perp pound 


¢ annkoohle for ncine 
equation is applicable for using H,, and 


Mr values from Table 3-F-1 to calculate the heating value: 


OMi(Hey + GMC, + + O.Mr, HS), 


Te = (3-F-6) 
7 OMi + 9,My +. + 9, ME, 
Or 
Yo MACH), 
He = = (-F-7) 
¥6Mr 
fi 


‘The result from Equation 3-F-7 can be converted to the gross heating value per cubic foot 


of ms hy using Equation 3-F-1; 
ot" 
AV = He zi FD, 


3-F.7 Heating Vaiue of a Natural Gas 
Containing Water 

To detine heating value on a dry basis for gas containing warer, the relationships in Equa- 

tions 3-F-1 and 3-F-2 are valid if the mole fractions of the components are corrected for wa- 

ter content by using Equation 3-F-8 and the compressibility (2) reflects the water content: 

= @1- 4) (2-F-8)} 


aed 


Where the gas is wator saturated under flowing conditions, Raoult’s law may be used to 
estimate the mole fraction of water: 


a, = £. {3-F-9} 
Where: 
P= absolute vapor pressure of water at flowing conditions or F. 
Therefore, 
( \ 
= of1— 2) 3-F-10) 
%, B | ¢ iy 
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APPENDIX G— DEVELOPMENT OF CONSTANTS FOR FLOW EQUATIONS 
3-G.1 General 


The practical orifice flow equation used in Part 3 is given in Part 1 of this standard as 
Equation 1-2: 


dy = NCEYE y 


(1-2) 
Where: 
CAPT) = coeflicient of discharge at a specific pipe Reynolds number for a flunge- 
tapped orifice meter. 
d@ = ottiice plate bore diameter caleulated at Howing temperature. 

AP = oritice differential pressure. 
velocity of approach factor. 
= mass flow nate. 
= density of iluid at flowing conditions (P, £). 


And 
N, = factor that incorporates the “constants” from Equation 1-1 and the required 
numeric conversions, including the following: 
2 14ts9 
3.14159 


constant in Equation 1-1. 


Ui} 


constant in Equation 1-1. 


62.3663 PaO eee ee eee Sere i 
oe = CONVCIES GQUICTCNLI presse (Ag°) WOT POUTIS LOE per square 1GOb Lo 
12 inches of water at 60°F. 
rE = converts the diameter of the orifice bore (¢) from feet tu inches. 
Therefore, 


it 


a 0.0997424 
(This is shown as the factor tor U.S. units in Pare 1, Table 1-2.) 
Note: Some nenieri 


constants do not hive absolute values (for example. Zand p.). To express six significant digits 
duit i 


4, 


Where. 


volume flow rate at base conditions, in cubie feet per second. 
density at base conditions, in ponnds mass per enbie font. 


3-G.2 Symbols and Units 


3-G.2.1 GENERAL 


Some of the symbols and units listed below are specific to Appendis 
veloped based on the customary inch-pound 


B and were de- 
em of units. Regular conversion factors can 
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be used where applicable; however, if Sl units are used, the more generic equations in Part 


Coefficient of discharge at a specified pipe 
Reynolds number for flanged-tapped orifice 
meter 

Orifice plate bore diameter calculated at 
flowing temperature, 7; 

Meter tnhe internal diameter calculated at 
flowing temperature, T; 

Velocity of approach factor 

Temperature, in degrees Fahrenheit 
Temperature, in degrees Rankine 

Numeric conversion factor (see Appendix 
3-B) 

Gravitational constant 

Ideal gas relative density (specific gravity) 
Real gas relative density (specific gravity) 
Orifice differential pressure 

Numeric conversion factor (see Part 1) 
Pressure 

Base pressure 

Flowing pressure Cupsiream tap) 

Standard pressure 

Mass flow rate por hour 


Volume flow rate per hour at standard 


Universal gas constant 

Temperalire 

Base temperature 

Flowing temperature 

Standard temperature 

Expansion factor (upstweam tap) 
Compressibility at base conditions 
Compressibility of air at 14.73 psia and 60°F 
Compressibility at upstream flowing 
conditions 

Compressibility at standard conditions (£, 7) 
Ratio of orifice plate bore diameter to meter 
tube internal diameter (¢/D) caicuiated at 
flowing temperature, J; 

Universal constant 


Gas density at base conditions (7, 7',, and Z,) 


Densiry of alr at base conditions (2. T. 


ensity of alr at base conditions (P,, 7, 


and Z,) 
Density at flawing conditions (F,, T,, and 7) 
Density at flowing conditions GT, and Zp) 


Units/Value 


459.67 + °F 


32.1740 (Ibm-£0)/(bf-sec*) 
inches of water column at 60°F 
Ibffin? (abs) 

ibffin? (abs) 

Ibffin? (abs) 

14.73 Ibtfin? (abs) 


Yooa/hr 
Ibna/hir 


1545.35 (bf-ft){Ib-mol-°R) 
°R 

°R 

R 

519.67°R 


0.999590 


a 141S9 
B.14159 


Ibm/ft* 


tbm/ft? 
Ibm/ft? 
lbm/ft? 


3-G.3 General Numeric Constant for Mass Flow 


Equation 3-1 expresses flow in pounds mass per hour (@,,) rather than pounds mass per 
second (q,,) and requires an additional factor, 3600, to convert from seconds to hours. 
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Therefore, in Equation 3-1, 


N, = 0.0997424(3600) 
= 359.072 
And 
Q,, = 359.072, FTIEY 4 Pain G-1) 


Equation 3-4a is Equation 3-1 divided by p,, as described above. The numeric constant 
is the same. 


(Q-4a) 


3-G.4 Numeric Constant for Mass Flow Developed From 
ideai Gas Reiaiive Density 
Equation 3-2 substitutes Equation 3-55 for p, ,, in Equation 3-1. 


P.G,(28,9625)(144)h,, 
Q, = 359.0T2GCFT EY? | BOSOM 
Y 


Where: 
28.9625 = molecular weight of dry air. 
1545.35 = universal gas constant (R). 
144 = factor to convert pressure from pounds force per square foot to pounds 


force per square inch, 
In Equation 3-2, therefore, 


N, = 359.072 28.9625| 14 ) 
1545.35 


589,885 


And 


3-G.5 Numeric Constant for Mass Fiow Deveioped From 
Real Gas Relative Density 
Equation 3-3 substitutes G, for G, in Equation 3-2 through the use of Equation 3-48: 


| EGPR 
On = SEE 


Lagi ly 


And for standard conditions, 
Z, = Z, = 0,999590 at 14.73 psia and 519,67°R (60°F) 


Sar “gy 


In Equation 3-3, therefore, 


ZGPh, 
Seite 3-3) 
2% 


Q,, = 590.006C,(FT)E,Y.d* 
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The constant 359.072 in Equation 3-4a was developed in 3-G.3. Equation 3-5a substi- 
tutes Equation 3-55 for p,,, and Equation 3-56 for p, in Equation 34a, 


359.0720 (PT) EY d? h 


FIZ Yd’ P,.7, 
i hale Vrapte 


! Q, = (3-4a) 
Pr 
& G,(28.9625)(144 i, 1 
O, = 359.072C (FN E Ya |~ it MAA, ARs, 
\ GREY RG(28.9625)(144) 
1545.35 universal gas constant (R). 


Where: 
28.9625 = molecular weight of dry air. 
144 = factor to convert flowing pressure (F;) from pounds force per square foot 
| to pounds force per square inch. 
144 = factor to convert base pressure (P,) from pounds force per square foot to 
| pounds force per square inch. 
| 


In Equation 3-5a, therefore, 


= 218,573 
And 


er pape 
LZ, | file 


= 218,573C,(PT)#,¥,a? 
Q, wT) EY, B\ GAG 


(3-5a) 


For the following standard conditions: 


B 
14.73 Ibffin? (abs) 
Z, 

519.67°R (60°F) 
2, 


= compressibility of the gas at 2 and 7, 


In Equation 3-5b, 


Therefore, 


Q, = TLIICKETVE YZ, | eee (3-5b) 
sited 
3-G.7 Numeric Constant for Base Volume Developed From 
Real Gas Relative Density 


tion 3-6a substitutes G, for G, in Equation 3-5a through the use of Equation 3-48, 


The inclusion of p, moves this correction to the numera 
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n Equation 3-6a, therefore, 


N, = 218.573 


For the following standard conditions: 


Rak 
= 14,73 Ibffin? (abs) 
= T 
T%=T 
= 519.67°R (69°F) 
Laan = Fsair 
= 0.999590 
In Equation 3-6b, 
w, = 218,573{ 22:52 Jo s99556 
: Gan he 
= 7709.61 
cy EEA, 
Q, = THOO.SICCFIE Ya? | A G-6b) 
\ G27, 


3-G.8 Numeric Constant for Standard Voiume Deveioped 
From Real Gas Relative Density 
In Appendix 3-B, F,, as expressed in Equation 3-B-5, includes additional numeric ratios, 
as stated in Equation 3-B-1, including the following: 


519.67 = base temperature at 60°F, cxpressed in degrees Rankine. 


i 


14.73 


u 


base pressure of 14,73 pounds force per square inch absolute. 


1 


i mes aq flowing temperature at 60°F, expressed in degrees Rankine. 


¥0.999590 = compressibility of air at the base pressure of 14.73 pounds force per 
square inch absolute and the base temperature of 519.57°R. 


In Equation 3-B-S, therefore, 


N= 21e.s73( 
14.73 JV 519.67 
= 338,196 
Aad 
B= 338.1966," (3-B-5a) 
Or 
E = 338.1966,D°p? (3-B-5b) 


| 


Copyright por American Petroleum Institute 


Sat Nov 03 21:53:12 2001 


API MPMS434.3+3 92 MM G732290 0503948 340 Ml 


Order No. 852-30352 


1-1700-—B702-—-1,5M (5D) 


| 


Copyright por American Petroleum Institute 
Sat Nov 03 21:53:12 2001 


API MPMSX¥L4.3-3 92 MM 0732290 OSOS4S5 T?h 


American Petroleum Institute 
1220 L Street, Northwest 
Washington, D.C. 20005 


Copyright por American Petroleum Institute 
Sat Nov 03 21:53:13 2001 


